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FOREWORD 


This  report  tas  prepared  by  The  Dew  Chemical  Company,  Rldland, 
Michigan ,  under  USA?  Contract;  Nr.  A F  OMoll ) -ll^OG.  The  contract 
wa_  initiated  under  Air  Force  BPSM  Nr.  o231*S,  AFSC  Project  Bo. 
31^,  "High  Energy  Propellant  Ingredient  Research  and  Development." 
The  work  was  administered  under  the  direction  of  the  Rocket  Propul¬ 
sion  Laboratory,  Edwards  Air  Force  Base ,  with  Lt.  Robert  Bargpaeyer 
as  Air  Force  Project  Officer. 

1hi3  13  the  final  summary  report,  covering  the  work  performed 
during  the  period  of  1  January  19^0  through  31  December  1966.  The 
Dew  report  number  is  FS-+Q-06. 

The  alixaintn  hydride  surveillance  studies  for  1966  are  being 
continued  under  Contract  Nr.  FO*6ll-67-C-0067. 

Kanage-^.it  direction  at  Dew  is  under  Dr.  R.  P.  Ruh ,  Laboratory 
Director,  ar.d  the  work  supervised  by  Dr.  P.  H.  Brower,  Assistant 
Laboratory  Director.  Hr.  H.  E.  Matzek  13  the  principal  investigator 
with  Hr.  R.  D.  Daniels,  Dr.  C.  3.  Roberts,  Dr.  J.  A.  Snover,  and 
Hr.  E.  J.  Wilson  making  major  contributions.  The  assistance  of 
Messrs.  D.  P.  Hus  in  ski ,  H.  C.  Roehrs,  W.  Kuehn,  J.  E.  VanPetten, 

R.  L.  Williams,  P.  D.  Schwa  In  in  pe  rf  o  min  g  many  of  the  experiments 
discussed  in  this  report  is  gratefully  acknowledged. 

Abbreviations  used  lr.  the  text  are  defined  In  the  Glossary* 


7hi3  report  has  been  reviewed  and  is  approved. 


¥.  H.  Ebelke,  Colonel,  USAF 
Chief,  Propellant  Division 
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SECTION  I 


ABSTOACT 


(C)  Studies  of  the  preparation  and  properties  of  AlHa-1451 
have  continued-  Ragnesiua  ha 3  been  Incorporated  Into  product 
cade  by  the  continuous  crystallization  technique;  improved  thermal 
stability  Is  observed  In  product  froa  the  larger  unit.  Place 
phot  one try  Is  used  to  determine  the  equivalence  point  of  the 
A1C1 3-LLAIR,  reaction  for  aluminum  hydride  synthesis.  Teflon  PEP 
shoved  excellent  proalse  In  the  laboratory  as  a  material  of  con¬ 
struction  for  altzairrua  hydride  crystallization,  but  adhesion  of 
product  still  regained  a  problem  In  a  9~gallon  crystallizer  cade 
froa  PEP  stock  Items-  Structure  studies  of  A1E3-1451  Indicate 
the  decomposition  mechanism  Involves  loss  of  surface  hydrogen 
and  fortMtlon  of  al'-sslnua  nuclei  and  anion  vacancies.  Density 
measurements  of  continuous  and  batch  magnesium -doped  AlH3-l-i51 
show  that  magnesium  fores  a  substitutional  solid  solution.  The 
degree  of  improvement  In  thermal  stability  of  'aged’,  cagneslua- 
doped  batch  samples  of  AlEs-i'Sl  correlates  wita  the  Initial 
gassing  observed  during  testing  at  6o"C .  Water,  Identified  as  a 
major  component  of  the  gas,  plays  a  major  role  In  the  aging  pro¬ 
cess-  Heat  treatment  has  Increased  the  stability  of  some  AIH3- 
1*51  samples;  storing  under  hydrogen  pressure  las  not.  The 
decomposition  rate  cf  standard  AlHj-Hpl  l"'  double  base  propellant 
at  25*C.  be  case  constant  at  0.11$  per  year,  requiring  5Cc  days 
to  reach  0.35$  decomposition;  at  -O'C.  It  reached  0.69$  decoci- 
pcsltlcn  In  471  days.  Dcubl**  base  propellant  containing  «g- 
neslua-doped,  in  situ  DFA- treated  AlHa-l^l  shows  a  twofold 
Improvement  In  stability  over  standard  hydride  at  both  25*  and 
^0*C . ^  Ifagneslan-dcped,  Jjn  situ  DPA-treated,  and  rsa gne s lun— doped , 
"aged"  AIH3-IA5I  are  remarkably  stable  at  605C.  Propellant  con¬ 
taining  ’aged”,  oagneslun-dcpei  A 1 H  j - 1 - 5 1  decomposed  0.74$  after 
2*3  days-  Jtogne slum-doped,  In  situ  DFA-treated  AIH3-1451  In 
double  base  propellant  reached  1$  decomposition  In  173  days;  In 
composite  propellant  It  reached  C.c-$  decomposition  In  91  days. 
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SECTION  II 


StTHXAFY 


(C'  Studies  or.  the  prep-arat ion  and  properties  of  improved 
AlHa-1'5'*  continued  through  l^co-  Magnesium  concent  rat  icr.s  op 
to  2  wt.  ?  v»re  incorporated  into  product  ca.de  by  the  laboratory 
continuous  process,  but  an  increase  in  stability  comparable  to 
that  of  batch  rater  la  1  was  not  realized.  A  study  of  a  r.urter  of 
p:*ocess  variables  resulted  in  nc  improvement  in  stability.  Studies 
to  'understand  the  mechanism  by  which  "agr.es  1  ur  stabilises  1 

ard  to  deterrine  the  differences  in  morphology  of  the  hydride  crys¬ 
tals  continued. 


(C"  Vorw  with  the  continuous  crystallizer  has  co 
ir proving  solution  stability,  elirirating  or  rcducirg 
sior.,  and  ir.corporat Log  ragr.es I  us  into  the  crystal  la 
1-pl.  The  conditions  required  for  direct  rue  lea tier 
using  the  "therral  3eeoirg"  technique  have  beer,  cere 
and  higher  feed  rates  {2  roles  of  AlEx/hr.)  have  beer, 
used.  Three  types  of  deccmpcs  it  ion  have  beer,  recogr.i 
lated  t ;  therral  sensitivity  of  the  rater*  >1  ar.d  the 
the  presence  of  irpurities.  Techniques  have  been  dev 
effectively  control  the  rate  of  decomposition  in  the 
for  periods  up  to  17  hours. 
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;C  Xagr.es its  has  beer,  incorporated  into  the  crystal  .a* : ir 

-  <•  •  ir  *  *  r  *  *  —  —  -  —  —  »  *  —  • ,  ~  «•»  -  9«.  ^  i  i  t  ,r  ^  .  - 

O4  rt  C  «  kj  .  •  *3  W  A  •  t  w  «.  .  •  •  v  •  -  •  — * 

complex  hydride  LlVg(  Ain*.  3  as  the  doping  agent.  I-v.r*as!'Z  -  he 
concentrations  of  lithium  aluminum  hydride  and  lithium  toronydri 
ir.  the  feed  solution  prevented  the  precipitation  or  t ne  dopi'g 
agent  at  r.ucleatlon  when  the  ether  concentration  is  low.  ^ag-cs 
concentrations  greater  than  one  percent  were  obtained  ard  sore, 
not  all  samples  showed  improvement  ir.  stability;  or.e,  cor  'ai'i' 
1. 103  ragr.es iur,  required  2c  days  to  reach  decompcsltl  0"  . 


£ 

*  r» 


(U'  Polyperfluoroethy ler.epropylene  (FEP)  shewed  exce.le-t 
promise  as  a  materia,  of  construction  in  the  labors*  ony .  Elut 
runs  rade  ir.  the  laboratory  3-1  iter  PEP  crystallizer  -  dot  a  v 
variety  of  conditions  resulted  ir.  excellent  r.ucleatic*  i'i  •  es 
glble  adhesion  and  decomposition  of  product.  Les3  cl"ir.-up  tr 
rent  between  runs  without  loas  of  product  quality  was  also  possible 
with  the  PEP-1  ined  vessel. 


(C)  Successfu.  use  of  FEF  In  the  laboratory  led  to  tr.e  fabri¬ 
cation  of  a  9-gallon  FEP-lIr.ed  crystallizer.  Adhesic"  reraised  a 
problem  in  the  larger  scale  unit,  but  the  product  adhered  ir.  tr.e 
form  of  ’sheets’  of  AIE3-I -5 1  c.*ystals  which  ’flaxe’  after  a  period 
of  tine.  This  way  be  due  to  crystallizer  design,  agitation,  or 
some  other  system  parameter. 
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(C)  Laboratory  continuous  crystallization  runs  with  polytetra- 
fluoro ethylene  (Teflon  TPE)  lined  vessels  indicated  that  AlEa- 
1*5 1  adhered  only  to  surfaces  through  which  heat  was  applied.  A 
single  run  in  a  pyrex  vessel  showed  the  sane  effect  when  heat  was 
applied  by  nears  o.  a  *00-wact  Cic-Quartz  percll-tjpe  lexers  ion 
heater  and  the  bath  temperature  lowered  from  100” C-  to  35*C.  The 
result  was  all  AiE^-1-5  1  with  no  sticking  or.  the  sides  of  the 
pyrei  flask. 

(0)  The  optimum  conditions  required  for  nucleation  of  AIH3- 
1*51  and  for  the  growth  of  good  crystals  are  considerably  different. 
It  has  been  p:oposed  that  these  two  3tages  be  separated  and  that  a 
continuous  external  r.ucleator  be  used  *  0  supply  AlBa-l^l  nuclei 
to  a  continuous  crystallizer  unit  eperz ted  at  optimum  crystallizing 
conditions.  Pre  1  in  1  nary ,  snail-scale  .aboratory  work  with  this 
concept  has  shown  encouraging  results. 

(C)  Plane  photometry  has  teen  used  to  determine  the  stoichio¬ 
metric  equivalence  point  of  the  aluminum  chloride-lithium  aluminum 
hydride  reaction,  and  to  determine  tr.e  amount  of  excess  lithium 
aluminum  hydride  in  aluminum  hydride  solutions.  The  possibility 
of  determining  elements  ether  than  litnlum  was  investigated  by 
scanning  the  flame  between  >500  and  9000  A.  Only  sodium  was 
detectable,  if  boron  and/or  magnesium  are  to  be  determined,  it 
will  be  necessary  to  hydrolyze  tr.e  sample  and  obtain  the  emission 
spectrum  of  an  aqueous  solution. 

(C,  Structural  studies  of  AlHj-1-51  indicate  that  U  decom¬ 
position  mechanism  involves  the  loss  of  surface  hydrogen  ^nd  the 
formation  of  aluminum  nuclei  and  anion  vacancies.  It  Is  believed 
that  decomposition  is  initiated  at  the  surface  cf  tne  crystals, 
and  that,  by  understanding  the  aecrwrlsm  involved,  it  snoold  be 
possible  to  significantly  reduce  the  rate  of  decomposition  of  the 
hydride. 

(C)  The  incorporation  of  magnesium  into  the  crystal  lattice 
of  AlHa-lA5l  greatly  increases  the  thermal  stability  of  batch 
material,  but  It  has  beer,  shown  by  recent  work  wltn  the  continuous 
crystallizer  that  the  stabilization  cf  the  hydride  by  this  method 
is  not  a  simple  process. 

(C)  Density  measurements  of  a  1  imir.ua  hydride -1*51  obtained  from 
batch  and  continuous  methods  indicate  the  magnesium-doped  lattice 
represents  a  substitutional  30 1 id  solution  phase.  Other  factors 
must  be  responsible  for  the  variation  In  3 facility  exhibited  by 
t=agr.e3 lum -doped  samples. 

(C)  Racrocrystalline  A1E3-1*51,  surface-created  with  diphenyl- 
acetylene  (DPA) ,  showed  a  twofold  improvement  in  stability,  while 
magnesium-doped  material  treated  In  the  same  manner  showed  a  four¬ 
fold  increase.  The  optimum  concentration  of  the  DPA  wash  solution 
was  established  as  2-5  g-  DPA/250  al.  of  benzene;  stability  was 
significantly  Increased  by  the  in  situ  treatment  with  the  DPA  wash 
solution. 
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(C)  The 
amount  cf  DPA 
process-  By  •„ 
accent  of  DFA 
trclled  amcur.t 


above  coating  technique  did  not  deposit  a  sufficient 
cn  the  surf  ace  cf  AIH3-IA5I  prepared  by  the  continuous 
;sing  an  evaporation  technique,  whereby  a  known 
In  an  ether  solution  was  dried  on  the  product,  con- 
s  of  DPA  were  deposited  on  the  surface . 


(C)  The  mechanism  cf  DPA 
ves ligated-  It  was  shown  that 
tween  the  hydride  and  DFA  occu 
deposited  by  the  treatment  was 
was  cone luded  that  a  wea*  eiec 
armi  a:H3-1-51;  maximum  stabili 


stabilization  of  AIH3-IA51  wa3  In- 
nc  1  n*  t la  1  cheuica  1  reaction  be- 
rred,  since  £5?  or  core  of  the  DFA 
removed  by  a  single  wash  and  It 
tror.ic  couple  Is  formed  between  DPA 
cation  thus  requires  a  very  Intimate 


contact  between  the  DFA  a  no  the  hydride  surface. 


(C)  A  screening  program  of  acetylene  derivatives  and  ccopounds 
containing  one  or  sere  pheryl  groups  was  carried  cut-  Host  01*  the 
co-pounds  demonstrated  sooe  stabilising  effect,  but  none  exceeded 
th°  stabilising  effect  or  lengthening  of  the  induction  period  cf 
Dr  A  . 


1  1 '  Studies  -.re  mad*  to  unoerstand  and  characterize  the 
"aging"  phenomenon,  whim  is  Particularly  characteristic  of 
magnesium-d:ped  h/drioe  ;  ire  latter  exhibited  as  much  as  a  seven¬ 
fold  improvement  nue  to  the  lor^-term  storage.  The  increase  in 
stability  was  proportional  to  the  magnesium  concentration,  with 
concentration  greater  than  l.Cf  necessary  fer  large  Improvements 
in  s*abili:y- 


1 1 


stand 


Samples  which  w°r-*  r<- 
at  ambler*.  ftp- nature 


ved  from  -1£SD.  storage  and  allowed 
or  fo-r  days  sno»-d  a  con;  I durable 


deer*- ase  In  initial  gas 
Heat  treatment  of  "ag-d 
proved  slightly  benefit 


sing  a-.o  a  oorresponolng  loss  of  stabili 
",  magneslum-dcped  aluminum  hynride-1-51 
ial  in  Improving  stability. 


ty- 


i'C'  The  small  amount  of  initial  rapid  gassing  evolved  froca 
"aged",  magr.es ium-dcp^  i  sa-pl^s  at  6c:D.  was  found  to  correlate 
rougnly  with  the  iapr ou--mer.t  in  tnermal  stability.  Analysis  of  the 
gas  showed  the  major  constituent  to  be  water  vapor,  which  appears 
to  be  playing  a  major  role  in  oh:  "aging"  process-  The  type  cf  sur- - 
face  structure  ferz-'d  with  water  in  combination  with  nagntsiua-deped 
AlHi-l-ipl  must  determine  tne  sprclfir  conditions  necessary  for  maxi¬ 
mum  benefit  by  wat :r  treatment  of  toe  hydride. 


'  Techniques  for  a c ce  '.(era 1 1  rg  the  "aging"  of  tagnesiuBs- 
deped  AlH-j-l-ipl  were  Investigated,  water  was  frozen  onto  the 
surf  a  o"  of  the  hydride  at  -lrc’C.  and  allowed  to  stand  at  rco»a 
tempera*ure  before  heating  at  £’.',  7C=,  60:  „  and  -O *C.  The 
sa^le  heat  treated  at  -o  C.  exhibited  the  most  Initial  gassing 
and  increase  In  stability  requiring  over  rwl-'.e  as  long  to  reacn 
If  decomposition  as  the  standard. 
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(C)  Rac roc rys  ta  1 1  Lne ,  magnesium.  - doped  and  ragrrns  1  un-doped , 
DPA-treated  A  lHj  - 1 A  5 1  3  no  wed  no  Increase  in  T  r.enal  stability 
wr.en  stored  order  7,5T0  psi  of  hydrogen  at  ambient  temperature 
for  five  nonth.3. 

(U)  Cycling  the  temperature  between  72  °C.  and  co*C-  produced 
approximately  tise  sane  decomposition  c urve  as  that  obtained  at 
oC*C.  under  isothermal  conditions. 

(D)  Additional  refinement  of  the  aluminum  aeuteridc-lA51 
structure  was  achieved  during  the  past  year. 

(0)  The  long-term  surveillance  of  alurin-ra  hydride  stored 
neat  and  in  propellant  formulations  at  -2  JC . ,  ambient  temperature, 
and  -15*C.  continued.  These  studies  snowed  that  significant 
amounts  of  decor^os  it  ion  of  macrocrystal.  ire  A  111  >-1-51  occurred 
after  three  months  '  storage  at  The  stacility  of  macrocrys¬ 

talline  samples  also  steadily  decreased  in  proportion  to  storage 
time  at  AD*C.  Kagr.es i um -cope !  sampler  decreased  initially  in 
stability,  but  reached  a  plateau,  indicating  tr.ey  may  oe  under¬ 
go  Log  an  accelerate!  "aging" . 

(C)  Samples  store!  at  ardent  temperature  for  approximately 
two  years  rave  decomposed  less  tna.m  li ,  while  trose  stored  at 
-15*C.  exhibit  no  decomposition,  recent  !ata  indicate  that  macro¬ 
crystalline  hydride  is  much  more  a* able  a*  lower  temperatures  than 
originally  predicted. 

(C)  A  standard  macro-crystalline  AI-3-IA51  carpi*1  it  double 
base  propellant  reached  2.3??  oecompcsltior.  in  ?Cc  oays  at  25  *C. 
After  t.-ie  first  11?  days  the  decompos  it  ior  rate  decreased  and  re¬ 
mained  constant  at  2.11?  pm  r  year.  Tr.e  same  sample  reached  2.6  -Jt 
decomposition  in  -'rl  days  at  - 1  '  J  . 


(C)  Samples  of  dearie  base  propellant  containing  improved 
magnesium -doped  arc  magresiur -doped ,  in  situ  IrA-treate!  aluminum 
r.ydride -IA51  show  approximately  a  two?Ti3  Improvement  in  stability 
over  standard  r.ydride  at  25*2  •  and  -  *2.  ><o  decrease  in  decom¬ 

position  rate  occurred  witr.  a  3-rt'ace  r.yoroiyceo  sample  at  — 2*C., 
indicating  tr.e  statiiis ing  effect  of  tr.e  do-tle  case  propellant 
was  Ineffective  at 


(C)  The  slower  decomposition  rates  of  A1~..-1-*5I  in  doable 
base  propellant  appear  to  be  tne  res_At  jf  in  s  It  ■>  reaction  of 
the  hydride  with  nitric  oxide  lamed  in  tne 
propellant . 


:ecoepo3  !  tion  of  the 


(C)  Magnesium -doped ,  in  3itu 
"aged"  a  1  um  in  urn  hydride -iA- 


2PA -treated  and  magr.es lor. -doped, 
■aricable  stability  In  both 


:  1  snow 

double  bas*»  and  composite  propellant  at  6^*2.,  ranging  from  a  two¬ 
fold  to  nearly  a  tenfold  improvement  over  standard  aluminum  hydrlde- 
1^1.  The  mos t  stable  sample  contains  "aged",  magnesium -doped 
AUls-iA^l,  decomposing  only  -2.7A?  after  2*3  days.  A  similar 


stability  Is  a  ho  on  In  »wo  asgnes  lus-dopecl  In  situ  DPA-treated 
A1H3-1A51  propellant  simples.  One  reached- T?- Hec’ooposltlon  after 
173  dajs  In  double  base  propellant  and  the  other  reached  0.8*58 
decoaposltlon  In  91  days  In  cosposlte  propellant. 

(C)  Controlled  quantities  of  water  added  to  an  AIH3-IA51 
propellant  nix  appear  to  have  a  very  significant  stabilizing 
effect.  AlHa-i*51  double  base  propellant  nix  to  which  0 .254  and 
0.5<  water  was  added  decomposed  only  0.5*£  and  0.*6£  respectively 
in  11  day3  at  oC*C . 

(C)  A  3ingle  experinent  to  deterr.^ne  the  diffusion  rate  of 
hydrogen  through  double  base  gropellant  using  radioactive  tritiua 
gave  a  value  of  D  »  3-55  x  13  4  ca.2/hr.  at  25“C.  and  one  atmo¬ 
sphere  pressure. 
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SECTION  III 


ISL 


RKICAL  RESULT?  AN")  DISCTJSSIUX 


(C)  Research  during  i960  has  teen  concentrated  on  making 
Improved  aluminum  hydride -1^51  1 7  the  ccr.t in  uous  crystallization 
process.  Eve ry  phase  of  tni 3  none  has  been  tacked  up  by  labora¬ 
tory  studies  to  fine  the  best  possible  t-xrhniques  and  conditions 
for  Increasing  both  the  quality  and  yield  of  product.  A  better 
understand Ing  of  the  decomposition  mecr.ar.isn  nas  teen  obtained 
and  stabilizers  which  narx^dly  increase  AlHa-1-51  stability  have 
been  discovered.  Long  term  3 urvel llar.ee  studies  of  AiH3-l-pl 
3 arple3  nave  continued  and  the  stability  of  propellant  samples 
containing  improved  ALH3-IA5I  has  beer,  determined. 


A.  FTKDAHEyTAL  CRYSTALLIZATI STUDIES  TP  ALUXINTTM  HYDRIDE  (U) 


(U)  Research  in  the  crystallization  area  during  i960  wa3 
oriented  toward  developing  an  optimum  system  for  the  direct  crys¬ 
tallization  of  A IH 3 - 1  - 1 1 .  It  Is  expected  t.nat  a  product  so  ob¬ 
tained  will  possess  improved  physical  and  chemical  properties. 


Stab ility  {U} 

\Z )  hesearch  eff 
tratec  on  developing 
the  hydride  lattice  u 
sr.d  on  elucidating  ih 
growth,  product  adhes 

-rts  during  th 
a  technique  fo 
sing  the  cent  1 
e  process  para 
ion,  ar.d  stab! 

'.esino  into 


Ility  of  crystalline  A1H3-1-S1- 


a,  fagr.es lum  Incorporation  via  the  Tcntlr.uous  Process  (U) 

(C)  Previous  work  using  tre  "cater,  process"  showed  that  the 
Incorporation  of  small  percentages  of  magnesium  into  AIH3-IA5I 
causes  an  expansion  of  the  ry drib e  lattice  and  a  substantial  in¬ 
crease  in  lt3  thermal  stability.  A  comparatle  Increase  In  sta¬ 
bility  due  to  the  incorporation  of  magnesium  was  sougr.t  for  mate¬ 
rial  made  by  the  continuous  crystallization  process.  Initial 
work,  however,  indicated  that  differences  between  the  two  processes 
existed,  and  problems  such  as  high  chloride  concentrations ,  phase 
problems,  and  a  reduction  in  crystallinity  wo^ld  require  further 
study  before  maximum  benefit  from  magnesium  could  be  realized  for 
the  coi.tinuouu  process. 


(1)  Addition  of  Pag neslum  Chloride  (U) 


(C) 

s-icc***?  fully 
results  when 
to  a  solution 


Anhya.mo'js  magnesium  chloride,  which  had  beer  used 
in  the  "batch  process",  failed  to  produce  satisfactory 
used  in  the  "continuous"  process.  When  it  was  added 
of  lithium  aluminum  hydride  prior  to  almzinta  chloride 
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addition,  no  significant  anoirt  of  aagr.esiua  was  incorporated 
into  the  hydride  Lattice.  By  changing  the  procedure  and  adding 
ttagr.esiun  chloride  to  a  feed  sol  at  lor.  of  complex  hydrides  having 
a  mole  ratio  of  1  LiAlfi^:-  AlH3:i  L13L»  in  3  binary  solvent  con¬ 
sisting  of  3C4  ether  ar.d  'T  Jf  benzene,  aagr.esiua  was  incorporated 
into  the  hydride  lattice.  However,  the  lithiua  chloride  content 
of  the  material  produced  by  this  technioue  increased  to  1.3-1-54 
and  t.-e  higher  concentrations  of  lithiua  aiuainua  hydri..  and 
lithium  boroh.ydride  req:ired  by  this  net  hod  were  undesirable  in 
tKe  c  o  r.  t  in.  so  as  crystallication  process. 


(2)  Ether-Soluble  Kagr.es  lua  Compounds  (U ) 

(C)  These  results  Indicated  that  a  core  desi.-acle  nag- 
r.eslua  compound  would  be  one  which  was  ether-soluble  ur.d  contained 
r.o  chloride  or  other  elements  which  would  interfere  witi  the  In¬ 
corporation  of  nagr.eslua  into  the  ALH3-l-5-  lattice. 


fa)  Reaction  Produc' 


of  Lithiua  A 1  ur in ur  Hvdride  3nd 

~m - - - 


gnard  reagent 


(!)  An  at 
aagr.eui.a  compound 
a  1  uninun  hydride;  1 
structure  of  HKgAlH 
tr.e  lithiun  alunlr.u 
reagent  before  prec 

V  •  f  *  *■  yn  5  •  y 


tenpt  was  nade  to  prepare  an  ether- 
by  reacting  a  Orlgnard  reagent  witr. 
t  was  believed  that  a  c  onto  red  » 1  *  r. 
A  would  be  obtained.  Approximately 
n  hydride  solution  was  added  to  the 
ipit'tior.  occurred,  and  upon  conple 

•  I  .  W- T  -  —  '  -  ^  -  - r  -  -  ~  •  1  -  - 


o-ut  ,e 


a  general 
254  of 
Trigrard 
ion  of  tr.e 


lithiun  chloride  was  recovered.  This  solution,  *  ter.  aeded  to  an 
aluninun  r.ydride  feed  solution,  delayed  nucleaticn,  created  pr.33e 
problems,  and  produced  material  of  poor  crystal  Unity. 


(b)  Lithiun  Magnesium  Alualr.ua  Hydride  (U) 


(lJ)  The  reaction  between  aagr.es  iun  chlorioe  and 
hydride  was  or  I 

2  LIA1H4  *  XgCls 


♦  — 


al^=l nsz  hydride  *ss  originally  believed  to  p 

Ether 


: ee-;  as  ;o : lo^s  : 
»  KgfAIH*  )z  -  2  LIT  1 * 


with  the  resulting  aagr.e3lurj  siuninua  hydride  producing  tr.e  In¬ 
creased  stability  observed  in  the  "batch”  process  Laboratory 
studies  showed,  however,  t.nat  the  above  reaction  proceeded  to 
only  ■’0 -6- Of  conpletion  when  a  254  excess  of  lithiun  al-urlnua 
hydride  wa3  used,  and  while  the  soluble  chloride  concentration 
varied.  It  usually  remained  below  3  sole  ratio  of  1  Cl : 1  vg . 
Further  experiments  showed  that  the  chloride  concentrations  of 
the  above  ether  solutions  could  be  decreased  approxinatel 7  5  -4 
by  treatment  with  sod  I  un  boroh.ydride.  Sodiua  aluair.um  hydride 
was  even  more  effective,  reducing  chloride  concentrations  to 
levels  which  can  be  tolerated  (0.01  W ) .  It  Is  necessary,  however, 
when  treating  tr.e  solutions  with  3odiua  alunir.ua  hydride,  to  keep 
the  nagne3lua  concentration  below  0.2  H  to  prevent  the  product 
from  precipitating. 
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(U)  The  excess  cor'centrat ion  of  lithium  aluminum  hydride 
also  varied,  depending  upon  the  degree  of  completion  of  the  reac¬ 
tion,  and  -.'as  usually  greater  thar  a  mole  ratio  of  1  Ll:l  Rg . 

This  exces3  lithium  could  not  he  removed  from  solution  by  reac¬ 
tion  with  aluminum  chloride,  indicating  that  it  was  present  at 
part  of  a  discrete  chemical  compound  other  than  lithium  a lunir.ua 
hydride.  Removal  of  ether  froa  the  solution  yielded  a  3i ngj.e 
crystalline  phase  in  the  fora  of  clear,  irregular  plates,  usually 
clustered  together.  Elemental  analysis  supports  the  formula 
LlRg(AlIL»)3.  The  novel  X-ray  diffraction  po»der  data  giving  the 
"d"  distances  and  relative  intensities  are  shown  in  Table  I.  The 
infrared  absorption  spectrum  of  the  new  phase  compared  with  the 
spectra  obtained  from  nagr.es ium  aluminum  hydride  and  lithium  alu¬ 
minum  hydride  is  shown  in  Figure  1. 


Table  I 


(U )  X-Ray  Powder  Diffraction  Oata 
for  Lithium  Kagnesi-cc  AluminJr.ydride 


ci 

I/U 

d 

I/I 

'r.0 

15 

2.50 

30 

e.  <2 

y 

20 

2.45 

50 

C  4 

y  - 

30 

2.41 

1  ^ 

-.11 

50 

2.4: 

4 

3.3c 

80 

2.35 

15 

3.70 

30 

2.31 

V 

3-60 

50 

2  .25 

6 

3.53 

IOC 

2.22 

13 

3-30 

30 

2.19 

13 

3-25 

50 

2  .09 

V) 

3.04 

50 

2.05 

10 

2.73 

20 

2.01 

20 

2.7- 

13 

1-99 

\ 

2.53 

40 

1.95 

10 

2  .64 

6 

1-91 

5 

d 

I/Il 

I/Ij 

1.37 

20 

1.447 

3 

i  .Op 

3 

1.431 

2 

l.~9 

3 

1.420 

C 

:.~6 

» 

1.393 

<L 

1.73 

4 

1.375 

5 

:  .69 

3 

1.350 

2 

*•  6"r 

3 

1.339 

C. 

1.64 

6 

1.315 

w 

-t 

1.63 

3 

1.255 

5 

1.60 

0 

1 .240 

4 

1.53 

6 

1.195 

2 

1.56 

2 

1.115 

2 

1.51 

15 

1.105 

2 

1.-67 

7 

1.091 

3 

(C)  Ragnesium  can  be  Incorporated  into  the  crystal  lat¬ 
tice  of  AIH3-I15I  through  the  use  of  LLRg(AlIL*  )3  solutions.  How¬ 
ever,  the  use  of  these  solutiors  produces  soce  difficulties  with 
nucleation  and  crystal  growth,  especially  when  concentrations  of 
magnesium  greater  than  lp£  are  incorporated  into  the  hydride  lat¬ 
tice.  The3e  problems  can  be  resolved  by  the  use  of  higher  concen¬ 
trations  of  lithium  aluminum  hydride  and  lithium  torohydride  in 
the  crystallizing  solution.  Using  this  technique,  a  maximum 
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c  oncent  rat  Ion  of  2.3  wt .  <  2a5r.esl.j3  has  been  Incorporated  Into 
the  hydride  lattice  via  the  cor.tlr.jojs  process.  Higher  concentra¬ 
tions  of  the  complex  hydrides,  lithium  aluminum  hydride  ar.d  lithium 
torohydrlde,  apparently  Increase  the  solubility  of  the  lithium 
nagr.es  1  ur  aiumlnor./dride,  preventing  its  precipitation  as  LiKgfALEL* 
during  crystallization,  but  they  also  cause  more  agglooerat lor.  and 
product  adnesion  to  tr.e  Malls  of  the  vessel  during  crystallization. 

(c)  Lithium  Macreslun  Borohydride  (*J) 

(C)  Lithium  nagr.esiun  borohydride,  LiXg(Brl*)3,  was  pre¬ 
pared  for  the  purpose  of  exarlnlrg  its  use  as  ar.  alternate  mate¬ 
rial  for  the  incorporation  of  nagr.esiun  into  the  nydride  lattice. 
This  borohydride  corplex  is  much  more  soluble  than  LLKg ( A Irl* ) 3 
in  the  ether-ber.zene  solvent  system.  However,  the  presence  of 
lithium  aluminum  hydride  ir.  the  crystallizing  solution  appears  to 
cause  ar.  exc range  reaction,  as  shown  below, 

LiXg(SH«)3  -  3  Li AIH4  -  LiKg(AlH4)3  ♦  3  L13FL* 

because  platelets  of  LiKgfAIH* ) 2  are  still  observed  during  crys¬ 
tallization.  Hence,  the  incorporat  ior.  of  magnesium  into  the 
hydride  latt'ce  via  the  continuous  process  is  not  improved  by  the 
„se  of  the  analogous  boror.ydrlse  compound . 

t.  Stability  Studies  of  Kacr.es  i  un -dotted  Aluminum  Hvdride-IAM 


:  tor  at  or  v  v_  or 


:ous  rrocess  *etn; 


(T )  The^ soluble ^magnesium  solutions  used  for  the  continuous 
process  car.  ie  ^Sc-s  for  t:.c  1 3  ~.c : .  pi-ocr^c,  ar.u  tne  resulting 
product  exhibits  the  usual  increase  in  thermal  stability.  How¬ 
ever,  laboratory  samples  prepared  via  tne  continuous  process  with 
comparable  amounts  of  magnesium  nave  not  generally  shown  so  sig¬ 
nificant  an  improvement.  The  reason,  for  tn.is  13  not  fully  under¬ 
stood  at  present,  although  previous  experience  indicates  that 
with  continued  effort  tr.is  condition  can  be  corrected.  The  labor¬ 
atory  cortir-ous  process  is  similar  to  that  used  in  some  earlier 
Tow  worit  ir.  which  the  feed  to  the  crystallizer  contained  relatively 
large  amounts  of  lithium  aluminum  nydride  and  lithium  boronydride . 
Tn  s  *  y  f  Ir. it  Is  1  ^  LTC Lc  j  1 1  16s  v 6 3  Iso  **nc o 

ultimately  magnesium  was  incorporated  into  AIH3-IA5I  and  an  in¬ 
crease  in  stability  was  achieved. 

(C)  It  appears  that  minor  differences  in  process  techniques 
czr.  be  responsible  for  cigr.lf  1c an*  differences  in  product  sta¬ 
bility  where  magnesium  incorporation  is  involved.  Efforts  to 
modify  procedures  ar.d  obtain  mere  stable  material  from  the  larger 
scale  continuous  process  have  resulted  in  several  runs  which  show 
that  ar.  improvement  in  stability  is  being  realized. 

(C)  Elemental  analyses  of  laboratory  samples  show  a  magnesiums 
concentration  up  to  2  wt .  %,  and  X-ray  diffraction  shows  me 
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characteristic  lattice  uxpar.sion.  These  uaha  indicate  that  the 
incorporation  of  nagr.e3i.za  into  the  crystal  lattice  is  similar 
for  both  processes.  The  difference  in  themal  stability,  however, 
suggests  that  other  pa  rare  tens  are  playing  an  important  role  in 
the  stabilization  of  nagnes  1  um-doped  A1H3-1-51-  Tr.e  following 
variables  have  be«n  investigated  ir.  the  laboratory  in  3ttempt3  to 
improve  the  stability  of  nagr.es  ion  -doped  naterial  prepared  via 
the  continuous  process: 

(i)  Residence  tine  in  the  hot  crystallizing  solution. 

(ii)  Chloride  content  of  the  product. 

(ill)  Additive  hydride  (L1A1H*  and  Li3-:4)  ratios  and/or 
concent  rat  ions . 

(iv)  Use  of  LiXg(AIH4 )>  solutions  or  direct  addition 
of  XgCla. 

( v )  Particle  size. 


Changing  these  variables  has  produced  no  significant  change  in 
the  themal  stability  of  the  AlHa-lipj  product  (Table  II);  Diner 
reasons  were  therefore  investigated. 

(C)  Previous  data  have  indicated  that  dry  box  3tnospheres 
containing  snail  amounts  of  ”  1 « -v- *  c  •>-< 
stability  of  nagr.es  iun -doped 
process  (!).  The  inprovener. 

to  surface  hydrolysis  and/or  oxidation.  A  wet  etr.er  wash  treat¬ 
ment  of  a  batch  sample  and  two  continuous  nagr.es  iun -doped  samples 
imparted  no  further  stability  to  the  product. 


er  {2yy. 

ppm )  have  ire  re  as 

Ha-llpl 

prepared  via  t r.e  r 

r.  st ab  11 

ity  was  attributed 

idation. 

A  wet  etr.er  wasr. 

(C)  »et  ether  for  the  reaction  solutions  was  also  used  to 
naice  nagn.es lum -doped  AIH3-I-5I  via  the  continuous  process,  and,  as 
with  the  wet  ether  wash,  r.o  improvement  in  product  stability  re¬ 
sulted.  Surprisingly,  neither  AlH^-lpc}  a-d/or  A1H;  -l^lT ,  usually 
associated  with  water,  were  not  observed. 


(c)  The  above  experiments  again  point  out  t r.e  sensitivity  of 
L.nis  system  to  small  variations  in  procedure.  The  presence  of 
moisture  will  not  always  produce  certain  aluminum  hydride  poly¬ 
morphs  or  give  more  stable  product  unless  it  is  introduced  by 
the  proper  technique. 

£c)  Cr.e  of  the  significant  differences  between  the  "batch" 
and  continuous"  product  is  the  particle  size  and  cry3ta. Unity . 
The  continuous  process  usually  results  in  larger  and  more  crys¬ 
talline  particles.  Assuming  that  the  stabilization  of 
is  a  surface  phenomenon,  consideration  of  this  difference  would 
suggest  that  the  greater  the  surface  area  of  magnesium -doped 
hydride ,  the  greater  the  thermal  stability. 
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Pnnimotor  RTfoota  on  Contlnuoug  Prorrua  Aluminum  Hydride- 11*' 
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(C)  In  order  to  teat  this  hypothesis,  the  stability  of  sag- 
ne3lua-doped  samples  of  hydride  prepared  by  the  "fine  powder" 
process  sa3  evaluated.  The  particle  size  is  generally  1-^  u  cos¬ 
pared  to  ~5>0  u  fc~  batch  material.  The  incorporation  of  magnesium 
into  the  fine  powder  material  failed  to  show  any  imp ro v men t  over 
standard  fine  powder  as  shown  in  Table  II.  This  indicates  mag¬ 
nesium  stabilization  is  not  a  function  of  surface  area  or  particle 
sice . 

(C)  Another  significant  difference  between  the  batch  and  con¬ 
tinuous  process  is  tne  node  of  preparation.  Aluair.ua  hydride  in 
the  batch  process  separates  first  as  an  amorphous  or  possibly 
liquid  phase,  crystallizes  as  an  a  2  uninun  r  yd  rid  e  e  thera  t e -1-A  3 
phase,  then  desolvates  to  AIH3-1A33  before  undergoing  a  solid 
state  transformation  to  A1E3-1»5I.  In  the  continuous  process  with 
th®  thermal  seeding  technique,  alumina  hydride  has  beer,  observed 
to  nucleate  and  grow  directly  from  solution  as  A1H3-1-51.  It  is 
possible  that  a  phase  conversion  sequence  occurs  La  a  tr.in  layer 
on  the  surface  of  the  A1H3 -1-51  crystals,  but  this  has  not  been 
observed  microscopically. 

(C)  Several  attempts  to  produce  nagr.es ium -doped  A1H3-1A31  via 
the  continuous  process  by  first  crystallizing  AlK3-l-33  resulted 
in  only  two  successful  runs;  due  to  the  high  aiumin-m  hydride  con¬ 
centrations,  A1H3-11--  was  usually  produced.  These  two  runs,  How¬ 
ever,  did  not  show  any  improvement  in  stability  as  seen  in  Table 
II.  This  would  suggest  that  the  solid  state  which  Lovolves  the 
transition  of  A1_H3-1A33  to  AiH3-1A51  is  r.ot  the  controlling  factor 
•  r  l  r  stabilization. 

(C)  This  conclusion  is  al3o  supported  by  the  results  obtained 
from  the  magnesium -doped,  fine  powder  ssaterial.  Samples  of  A1H?- 
1^51  prepared  by  this  process  are  known  to  undergo  this  solid 
state  transformation.  Eowever,  no  improvement  in  stability  wa3 
observed.  The  results  show  that  the  incorporat lor.  of  magr.es  1  up 
Into  the  crystal  lattice  will  produce  a  sore  stable  product  in 
only  one  of  three  related  processes.  Ho  improvement  13  attained 
If  the  sample  is  prepared  via  the  "fine  powder"  or  "lab  continuous" 
process,  but  thl3  stabilization  technique  13  very  effective  If 
used  in  the  "batch"  process.  This  dictates,  therefore,  that  con¬ 
tinued  efforts  be  cade  to  understand  the  mechanism  tj  wr.ic.o  mag¬ 
nesium  stabilizes  A1H3-1-51  - 

c.  P?A -Treatment  of  Samples  Preoared  via  the  Continuous  Process  f 

(C)  The  dlphenyl3cetyler.e  (DPA)  wash  treatment  successfully 
applied  to  batch  material  did  not  deposit  a  sufficient  amount  on 
the  surface  of  AlE3-lA5l  prepared  via  the  continuous  process  . 
However,  by  using  an  evaporation  technique,  wherety  a  la.swn  amount 
of  an  ether  solution  of  DPA  was  dried  on  the  product,  controlled 
amounts  of  DPA  can  be  deposi.ed  on  the  surface. 
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(C)  Using  this  technique,  the  stability  of  laboratory  samples 
prepares  by  the  contln-o-us  process  wa3  increased  approximately  two¬ 
fold  a3  shown  in  Table  II.  These  samples  reached  1 %  decomposition 
in  8-l6  days  at  6o°C.  This  stability  is  not  a3  spec tac alar  as 
that  achieved  in  batch,  rtagr.es ium  -doped ,  in  3ltu  EPA -t rested  samples 
which  require  5*0-60  days  before  reaching  TJ  decomposition  at  the 
sane  temperature  (see  Section  B.l.a.). 

d.  Nucleation  Studies  (U) 


(C)  Studies  on  the  direct  crystallisation  of  a  1  uairun  hydride 
have  shown  that  one  of  the  most  i-port2nt  controlling  factors  in 
producing  good  crystalline  A1H-.-1-51  by  the  c o nt ir. uo us  crystallisa¬ 
tion  process  is  t.-.e  initial  nucleation  stage.  Repeated  experiments 
have  demonstrated  it  is  not  possible  to  seed  thl3  crystallization . 
As  a  result,  it  is  necessary  to  conform  to  a  very  narrow  set  of 
operating  conditions  to  obtain  in  sit  i  nucleatior  of  the  AlH->- 
i-i 5 1  -  These  conditions  are  defined  a3  follows: 


(i)  A  temperature  of  corresponding  to 

less  than  If  dietr.yl  etr.er. 

(ii)  An  aluminum  r.ydride  concentration  of  approxi¬ 
mately  3.115  H,  t-»t  never  greater  than  0.113  H. 

(ill)  A  slow  ;eed  “tr  of  1  .1-1  .2  mmoles/mln./l .  (The 

feed  rate  can  te  increased  during  crystal  growth, 
but  no  t  o  ur — ng  .r.c  ~  Uj  i  :iuc  *tai  ion  j . 

(iv)  Complex  hydride  mole  ratios  of  HAUL*  :A1HS  :LISE*, 
wltnln  the  range  1:A:1  to  1: 1- : 1. 

(v)  The  use  of  very  low  concentrations  of  lithium 
a lumlr.un  hydride  and  lithium  boror.ydride  to 
prevent  precipitation  during  tne  nucleation 
stage  and  tne  resulting  detrimental  effect 
upon  subsequent  crystal  growth. 

(U)  Extensive  studies  with  variables  such  33  feed  rates,  alu¬ 
minas  r.ydride  concentration,  litr.ius.  aluminum  hydride  concentra¬ 
tion,  ether  concentration,  and  time  and  teeperature  profiles  have 
not  given  a  completely  repro-dur ible  nucleation  technique.  This 
variability  is  believed  to  re  rue  to  unicnown  impurities  suen  as 
lithium  chloride,  water  and,,  or  reaction  proiuctt  of  water,  and 
additives  !  lice  magnesium  inhibiting  tne  nucleation  stage.  These 
impurities  are  perhaps  more  difficult  to  establish.  b«t,  once  de¬ 
fined,  they  are  also  amenable  to  control.  Trace  Impurities  in 
the  solvents,  especially  in  recycle  cenzer.e,  have  teen  found  to 
cause  variations  ir.  nucleation  and  the  resulting  crystal  phase. 


-15- 


Crystal  Growth  Studies  (0) 


e . 


(C)  Feed  rates  In  the  nucleatlon  stage  sust  be  extreeely 
slow;  however,  ome  »■  uc  le  at  lor.  has  occurred.  It  Is  possible  and 
desirable  to  sutstan. lally  increase  the  feed  rate  to  lower  the 
boiling  point  of  the  crystailiz ing  solution  to  76®-77*C.  and  re- 
dice  the  residence  tine  of  the  AlHa-1^51  crystals  in  the  crystal- 
liter.  It  has  been  observed  that  slow  feed  r3te3  during  the  growth 
stage  result  in  tr.e  production  of  tore  opaque  and  polycrystal  line 
rat  trial  than  faster  feed  rates.  /  slight  improvement  In  the 
t .terra  1  stability  of  the  hydrioe  is  also  noted  because  of  the 
shoritr  residence  tine  of  the  hydriue  particles  in  the  cryrtalllzer . 

(1)  The  Effec*  of  Litr.lua  Alurinua  Hydride  or.  Crystal  Irowth  ( 

(c)  Precipitation  of  lithiua  alunir.ua  hydride  during  tne 
crystal  growth  stage  will  also  cause  the  hydride  crystals  to  ter  ore 
no  re  opaque  and  polycrystalline .  Thus,  it  is  necessary  ir.  obtaining 
naiinun  crystallinity  to  keep  the  concentration  of  1  ithiun  alunir.ua 
hydride  as  low  as  possible  in  the  feed  solution  without  introducing 
chlorides  to  the  systea. 

(2)  ^:atemary  Anmoni  ta  Aluainua  Hydride  as  a  Kew  Desolvatlng 

Agent  ~nn 

(C)  One  nethod  of  eiininating  the  precipitation  of  lltr.iun 
alunlr.un  r.ydrlde  during  crystallization  of  A  LH  3  - 1 4  1  would  be  to 
use  a  more  solucle  alunir.or.yoride  as  a  desolvatlng  agent.  7ri -r. - 
octyl  r.-propyl  quaternary  a-naoniua  alunlnua  r.ydrlde  (?_*.•» A 1H« )  was 
syntreslzed  fron  the  corresponding  quaternary  tronlde  salt  and 
1 1th! ur  a u uninun  hydride  in  benzene.  This  solution  wa3  then  u3ed 
to  crystallise  a  stoichioeetric  hydride  feed  solution  via  the  con¬ 
tinuous  process.  There  was  a  considerable  de.i.ay  in  the  nucleatlon 
of  tr.e  aluminum  hydride,  after  which  AIH3-IA33,  Aln3-1A51*  and  a 
trace  amount  of  A 15  3  - 1  -  -  -  crystallized.  Although  no  1  ithiun  alu- 
nir.ur  hydride  or  F.4NAIH.*  precipitated,  nucleatlon  and  phase 
prob lens  were  obvious,  and  no  further  work  was  done  with  t his  type 
of  compound . 

f.  External  Nucleatlon  fu) 

(C)  The  opticus  conditions  required  for  nucleatlon  of  A1H3- 
1*51  and  for  the  growth  of  good  crystals  are  considerably  dif¬ 
ferent.  Therefore,  It  has  been  proposed  that  these  two  stages 
be  separated,  and  that  a  continuous  external  nucleator  be  used  to 
supply  AlHs-lA  =  l  nuclei  to  a  continuous  crystallizer  unit  operated 
at  optirua  crystallizing  conditions.  Prel  lain  ary,  seall  scale 
laboratory  work  with  this  concept  has  shown  sane  encouraging 
results . 

(C)  The  first  sy3tea  to  be  studied  consisted  of  a  heated 
chanber  where  netered  streams  of  G.05  M  A1H3  solution  (~9v?  benzene 
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-1055  ether)  and  preheated  benzene  were  mixed.  A  -metering  pump, 
which  controlled  the  flow  rate  of  both  stream,  was  connected  to 
the  chamber  by  means  of  1/5"  Teflon  tubing.  The  fixing  chamber 
and  exit  tube  and  the  flow  rates  of  the  feed  streams  were  varied. 
The  residence  tire  of  the  feed  solution  in  the  hot  zone  W33  cal¬ 
culated  froa  the  volume  and  feed  rates  to  be  between  one  and  ten 
minutes . 

(C)  This  3ysten  produced  AlH3-l-pl  in  all  rur.3 ,  but  the  yield 
was  lower  than  expected.  Some  crystals  were  2C-J0  u  in  diameter, 
which  suggested  that  this  net  hod  might  also  be  developed  Into  a 
crystallizer  to  produce  macrocrystalline  AiH3-1^51.  The  advantage 
of  a  very  short  residence  tine  in  tr.e  not  zone  snould  result  in 
naterial  of  improved  stability.  Vfh*  n  faster  feed  rate3  were  U3ed, 
some  AlHa-l^JJ  and  A1H3-1--^  were  also  produced. 

(C)  Exact  control  of  this  small-scale  system  wa3  difficult 
and  two  major  problems  were  encountered.  First,  vaporization  of  the 
ether  in  the  heated  tube  caused  rubbling  and  separation  of  tr.e 
solution,  with  the  re s u ! t ing  expansion  of  etr.er  vapor  decreasing 
the  residence  time  in  the  chamber.  The  second  problem  was  product 
adhesion  which  caused  material  to  build  -p  m  the  narrow  tube3, 
eventually  plugging  then. 

(c)  A  second  system  consisted  of  feeding  the  mixed  feed 
streams  into  the  middle  of  a  vertical  glass  tube  »nd  removing 
the  ether  at  the  top  by  rears  of  a  distillation  column.  The 
product  was  drawn  off  the  bottom  by  a  gravity  overflew  system  which 
functioned  erratically  and  produced  iarve  liquid  level  c ranges  in 
the  vertical  glass  tube;  product  adr.eslon  also  plugged  tr.e  narrow 
overflow  tubes.  Despite  these  problems,  A?:.3-I*-S1  was  produced 
In  the  system. 

(C)  A  modification  of  the  above  procedure  was  also  studied. 

All  liquids  pumped  into  tr.e  system  were  tak-n  off  by  distillation 
and  product  was  intermittently  removed  tr.ro -gh  a  stopcock  in  the 
bo t ton .  Several  runs  produced  Al-l3-liyl  and  Al>'3-l-o?  which 
settled  out  readily  and  resulted  im  an  increase  in  retention 
t It  a  compared  to  the  Teflon  tube  system. 

(C)  The  above  preliminary  work:  has  5 mown  that  a  continuous 
external  nucleator  can  be  develop-d  to  aid  ir  the  continuous 
crystallization  of  A1H3-1A51-  now ever,  mor^  development  wo-1c 
will  be  necessary  to  proiice  a  srorkirg  model  and  establish  con¬ 
trolling  parameters. 

g.  Materials  of  Construction  (U) 

(U)  The  random  nature  of  decomposition  observed  during 
batch  runs  in  pyrex  glass  as  well  as  adhesion,  to  the  surfaces 
suggested  that  some  other  material  of  construction  might  either 
reduce  or  eliminate  these  problems. 
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(C)  Experlser. ts  -with  a  qua rrz  thermometer  well  snowed  a 
3  lgr.iflcar  t  improvement  lr.  the  amour. :  of  decocpos 1 t icn  of  aluminum 
hydride  over  pjrrsx  thermcmeter  wells.  Although  t '.to  stria*  icr.s 
were  acre  prcr.cur.ee  d  or.  the  quartz  well,  re-  alua.Ir.ua  coa'l'g 
foraed,  as  It  did  with  pyrex.  Ir  order  to  further  ir.ves  *  Irate 
.his  dlfferer.ee,  a  or.e-llter  quartz  flask  with  a  quar'z  tremon- 
eter  well  wa3  fabricated,  ar.d  a  series  — ur.s  zade  u3lrg  this 

vessel  .'jr  desolvatlor.  of  alualr.ua  hy  • 

(C)  Six  hatches  of  alualr^a  r.y drl de - 1  - 1 1  were  made  Ir. 
the  quartz  flask,  ar.d  the  previous  ob  se  rva *  lor.  was  co-flrm?3;  ro 
metallic  alualr.ua  coating  was  or  serves  or  either  the  tnermcme  ter 
well  or  3ldes  cf  *.oe  flask  lr.  ar.y  of  the  run.  s .  Little  Imp  rove  - 
aer.t ,  however,  was  noted  lr.  the  amount  of  product  adrerlrg  t->  "he 
side3  of  the  flask,  arl,  as  with,  pyrex,  a  gradual  colorlrg  c.‘ 
the  material  cccurre i  a?  temperature  was  ralr*alred  at  "m  Z. 
These  results  indicate  two  types  of  dt-compcs  1 1 lo'  which  occur 
during  *he  conversion  3tep.  She  first  1 s  ca'aly.lc  i  the  ueuree 
to  which  this  type  of  de c ouzo 3 1 tlor  occurs  oeperds  upo-  *  he  sur¬ 
face  lr.  cc'  tact  wl*h  the  solution.  This  type  cf  dec t-.pos  1  *  1 
generally  resul's  In  a  coating  of  me-allic  alumi' ur.  which  ceptsl'.s 
lr.  a  ran  don  earner  or.  the  surface  cf  the  container.  7f  four 
materials  tes'ed  -  soft  glass,  vycor,  pyrex,  and  quar'z  -  ‘ he 
latter  was  the  only  one  exhibiting  a  complete  absence  of  'hi? 
type  of  decomposition.  Soft  glass  ar.d  vycer  produced  a.-'d-.-i 
coatings,  while  pyrex  showed  random  oepcsl'Ic'  ci  alurir...-  on 
ootr.  the  sloes  or  'he  flask  ar.d  t  -e  the  me  re  ter  well  T*-e  second 
type  Is  a  •  hemal  decomposition  of  the  aluminum  hytrloe  wrion 
occurs  a.  the  surface  of  the  flasx  where  the  pro  due '  adheres 
Thi3  occurred  with  all  t'  above  ra'erials  ar.d  nc*e  appear-?  c  to 
have  an  advantage  in  thl  respect. 

( L‘  •  Shis  work  suggested  'he  use  cf  an  e*'lrely  dlffere-' 
type  of  material,  such  as  polymers  with  highly  - -  «:r.e;  I *.e  sur¬ 
faces.  Pc lyperf iucroc thy  l'-r.ep r spy le-e  FEPJ  po . yc* - r  appeared  •  o 
be  the  mo3t  premising  and  exhibit'd  excelle':’  r.cr  -  *  ires  I  veness 
(see  Section  A.l.h. ). 

(2^  Titanium  He'al  i U • 

.C'  Further  work  was  carried  ou*  towaro  'he  e~d  of  l?cr 
on  determining  'he  use  of  me '  a  Is  as  materials  of  ccr.s  -  rue*  Ion 
Titanium  Is  a  relatively  Inert  e lerer. * ,  being  resis'a'-'  'o  roth 
caustic  and  concentrated  hydrochloric.  Its  effect  upc'  :ne  decom¬ 
position  ar.o/or  adherence  of  aluminum  hydride  was  ro*  k- cw-  ,  and 
ir.  order  to  determine  this  a  two-liter  crystallizing  vessel  was 
fabricated.  Two  runs  using  the  drip- lr.  procedure  resulted  1" 
AlH»-li51»  but  decomposition  and  adhesion  were  observed  lr.  to*h 
caue3.  These  results  lrdicate  that  titanium  metal  13  r.ot  a 
suitable  rare  rial  of  cons  traction  for  a  crys  tallizer .  A  'an '.alum 
vessel  has  been  ordered,  ard  Its  properties  as  a  material  of  cor- 
s true t Ion  should  ce  determined. 


-18- 


CONFIDENTIAL 


h.  Product  Adhesion  (U) 

(C)  Product  adhesion  on  the  walla  of  the  continuous  crystal¬ 
lizer  presents  a  very  critical  problem,  since  it  results  in  a 
significant  loss  of  product  and  very  low  yields.  In  addition, 
if  the  nrcduct  is  maintained  near  or  at  the  heated  surface  of  the 
vessel  wall,  it  will  t?  or. ly  a  natter  of  line  before  decomposi¬ 
tion  of  this  proluct  occurs,  requiring  a  shut-down  and  clean-up 
of  the  crystal  lira  tier.  -unit.  Solution  of  tr.is  p  rob  lea  would 
result  n  increased  yields,  longer  run  tiaes,  and  reduced  clean-up 
efforts . 


Ill 


The  Effect  of  Additive  Hydrides 


f U) 


(C)  Experience  Indicates  that  the  precipitation  of 
lithium  aluminum  hydride  before,  during,  or  af'er  r.ueleatlcn  of 
Ad H3 - 1-tl  accentuates  the  adhesion  problem.  Rapid  nucleation 
of  A1Hs-1433  due  to  AlHa  concentrations  greater  than  0.005  H  also 
results  in  excessive  product  adhesion.  Varying  the  concentrations 
and  ratios  of  the  complex  hydrides,  lithium  alumir.ua  hydride  and 
lithium  torohydride ,  has  not  solved  this  problem,  although  higher 
lithium  t cro hydride  concentrations  aid  in  solubilizing  the  lithium 
aluminum  hydride  and  the  magnesium  coup  run  d ,  LU^  ( A 1H* )  3  .  The 
precipitation  of  lithium  aluminum  hydride  is  particularly  prevalen 
in  the  temperature  range  of  7o'-cOaC.  If  too  high  a  concentration 
of  lithium  torohydride  is  used,  it  will  also  prec  Ipita-.c  under 
these  conditions . 


(2'  JlTascnlc  Agitation  (U' 

(U)  An  immersion  type  ultrasonic  transducer  was  used 
for  agitation  of  the  te.nzene  solution  d-ring  tnree  continuous 
crystallization  runs.  Although  tne  generation  of  a  larger  number 
of  nuclei  by  this  technique  was  expected,  ro  s ignif icar.t  effects 
were  observed.  However,  no  product  adh^sicr.  to  the  glass  crys¬ 
tallization  flask  ot  curred  during  these  runs,  while  a  control 
run  with  the  same  feed  and  normal  stirring  did  re suit  in  product 
adhesion.  Therefore,  the  u3e  of  ultrasor.I's  for  solving  tne 
adhesion  prch  1  c*m  ircks  premising. 

(3)  The  Use  of  Polvrerf  lucroe~hy  len-prcpylene  Copolymer 
J  (Teflon  PE?)  as*  a  Material  of  Co^s  tructlon  iU) 

(C)  Previous  work  with  flas/s  made  from  various  mate¬ 
rials  showed  a  wide  variation  in  the  am  cunt  of  catalytic  decom¬ 
position  cf  aluminum  hydride.  Cf  these,  quartz  resulted  lr.  the 
least  amount  of  catalytic  dec empes i tier. ,  but  a  serious  adhesion 
problem  still  remained  (see  Settlor.  A.l.g.).  Efforts  to  find 
materials  which  are  both  r.or.-catalyt  1  c  and  non-adhesive  were 
therefore  continued. 
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»'  <-*  XI 


( C;  A  5*  1  al .  polypropylene  Srlemeryer  flask  was  fitted 
with  ar.  adapter  and  used  as  a  crystallization  vessel.  The  pr odu c * 
cT  tvo  rur.3  n  ^  3  AIrJ^”l-33f  but  It.  hz.z  0I3 titst  3. i.'t4? 3 lor*.  oT 
product  to  the  sides  of  the  fla3k  wa3  reduced  and  the  material 
remained  white.  Sene  softening  of  the  polypropylene  In  the 
heating  hath  (10C:C.)  was  observed. 

’  C)  Folj'perf  luoroethyleneprcpylene  copolymer  (  Teflon 
?H?'  has  mere  desirable  properties  than  polypropylene .  It  is 
inert  to  organic  solvents,  nen-porous,  has  excellent  air.es i on 
resistance,  ar.d  car  withstand  t enpe nature 3  up  to  205 'C.  In  order 
to  study  its  effect  upon  AIH3-I-5I.  3  J2-our.r  e  Teflo'"  PEP  bottle 
was  fitted  with  a  glass  adapter  and  a  themocoupl-  well.  }»c 
stirring  other  than  that  resulting  from  the  boiling  cf  the  solvent 
was  provided. 


I C)  The  results  from  eig.. .  runs  using  the  FEP  ’essel 
ar.d  the  batch  nethod  indicated  that  It  is  superior  to  ary  o*her 
material  of  construct  Ion  perilously  -used.  A  saall  aao  -rt  cf 
sticking  of  product  occurred  so-cn  after  pre"  ipit  at  ior ,  b -t  most 
cf  the  sticking  disappeared  as  crystallizat  ion  proc^edeq.  Cetca- 
pcsit i:n  was  cons  iderac ly  reduced  and  the  product,  A 1 H  .  - 1  -  5 1 » 


:x  t  r. •: mo¬ 


re  aa  in  ed  white  after  three  hours  of  refluxing.  The  pyr-x  c.rcrro- 
ccuple  well,  although  not  a  heated  surface,  always  exhi cited  acre 
adhered  product  and  deccmpos  1 1 i on  than  the  walls  of  the  'cntairer 
The  snail  amount  of  material  which  adhered  to  the  sid^s  of  *h« 
flask:  was  casily  loosened  at  the  conclusion  cf  th-  :~.r  by  swirling 
t.ne  solvent,  suggesting  that  bet.er  agitation  prccabi;,  -b.ld  have 
prevented  it  Tree:  sticking  Initially.  Succrssiv-  r-n*  *  on  Id  also 


be  made  In  the  sane  bottle  with  only  a  cenzene  rl.nse  r-q-ir^d 
for  clean-up.  This  Is  In  narked  contrast  to  pyrex  whi'h  n_a3 
always  required  an  acid-tase  treatment  between  runs. 


fU'  The  Teflor.  PEP  bottle  enployed  for  t he  ra"r,  proves 
w^s  not  useful  for  *  he  continuous  process  and  It  was  *  her-  foe  e 
necessary  *0  design  an  FEP-lir«d  vessel  which  could  b*  fitted  wit n 
he  proper  outlets  at  the  top.  Thu?  bot  toa  of  a  pi- re  cf  op¬ 
ined  pipe  six  In~b.es  In  olanetc-r  and  eight  lrchea  long  was  sealed 
y  me ar.s  of  a r.  FEP  shee ’  ( C - 190  Inch  thick)  held  flmiy  against 
the  pipe  llr.er  by  nears  of  s  lA*  al’-zmir.ua  plate  ar  1  a  spll* 
flange.  A  glass  top  with  three  f-male  35 /?5  call  Join's  and  a 
thermometer  well  was  fitted  with  a  gasket  and  a  se~oru  spilt 
flange  to  provide  a  vapor-tight  seal.  Agitation  was  prrv 1 d  *  a  by 
a  Teflon  (TEE)  paddle  ( approx  Inanely  2-10  rpc)  and  tr.e  sole  Ion 
was  heated  cy  a  TOO  watt  electric  tape  wrapped  around  the  o-tslde 
cf  che  pipe.  The  vessel,  shown  In  Figure  2,  hcld3  approximately 
t.'cree  liters  ar.d  13  comparable  In  operation  to  the  pyr<=x  v-ss^ls 
previously  used  for  this  purpose. 


(C,  The  objective  In  fabricating  the  -essel  wa3  to 
evaluate  this  material  of  construction  for  compatibility  and 
product  adhesion  resistance  properties  during  eont Iri.ous  crystal- 


-2C  - 


().  r  i  m 


liaatiur..  The  initial  work  was  dor.e  ir.  a  alear  T-eflon  ?EF  tot'le 
Haweve r,  teaause  greer.  aarareraial  PEP  aor.tair.s  2  snail  aaaa-tt  of 
Cr27, ,  ir.  rvjl'jj'.Iar.  af  ah e  a  am-,  r  a  la  1  re  sir.  was  r.eaessary  to 

d  -.err.  ir.e  if  *.r.-e  Cr2D3  wauid  ir.arease  ar.e  a? :  a-apesi:  iar.  0:'  tr.e 

r.vir!  d  ~  Tier*.  E*E P  c  2.T3  3  tr ^  c c  *  2 1. r. d  *•  1  . r. 2 u t  * r,-*-  c ^  — > *  • 

:  x  i  d  c  • 

C  A  r.ur.ter  of  runs  rale  with  ar.ls  vessel  aar.fi;- :~d 
tr.e  - -•-■  •■•  *  -• . ~  results  attained  a y  tr.e  tatah  proaet>s.  Th.er-  was 

little  ar  r.o  'raia:  a  air.-  s  1  ar.  tel  a>«  tr.e  liquid  .  jvel  ait  .-.a  ~ " 

a  are  suiid-up  was  r.at:rd  asov*  the  liquid  level,  pracatiy  a  result 

2  *'  i  *  1  J*.  I^r.  6V2n3r2tI.V  CTZ2Z  t  ?"xr  Ct  3UTf3  ?  ^  -  7"r.~£*Z  3:  3  1*.  S 

i  r-'  r’sl  1  v  rf — 3  v  o  i  ^  v  r  -C  r  Ir«r ,  i  —  i  ill  i\  3  *  ‘ipr~2r  *12  c  *  "cvdi 

.  c  r  c  1  .  ,  .  1  •  —  .-a  q  *  *  ••*  1  *-  *  •■  ►  * —  '  -  .  •  *■  v  r  ’  ' 


-  -  -  *  •  *  -  - —  -  *.  ..  h*  w--‘  •  - - »  - -  *•  -  -  •  •  -  -h - 

•  3  '  r.  j  *  r.  ~  7. 7 1 3  r.  Tr”E  s  •  *  73*^7  r  1 2  3i  *?  >*  3.  s  r  \  2  v  i  1  v  *  3  =  3  -  j  *  •  *  ~ 

, —  ~  --a  -  •  >•'  *»  ■*  *  *  -  •  v*  *  vd  «  -  --  r-^wtrt.,..  ^ 


h  -  ■  *  *h*  • -  - - 


'  -  - 3  *. .  .*, .  *3  r.  r2i-.os  3;i  'i 3-.t  .  v . .\*u r -  z 6 s  ,  3  r.*:  pr^r-p 

/al  o*-  j  a>  2  3  i  1 3  i  cr.  2  C  **  5  1  ^  s  olu*  *  3r. 

•  -  -  a  a  o  *  v'.*=  2  !T  C  \-73  *  Of  35  d  *3  £  T  ^  d  p  ~  *22  Z  2XZ  Z  T. !  2  v  '  5  5  ■  1 


n  **■».»  a  "•  -<  *  *  4  >r  •>  ^  •  **  ^  •»  n  r-T~  aiq  *  ;—  c  ^  • 

»  —  •  •  —  *  -  -a-.  .  *v..  - -  -  •  -  — C  ■  •  -  »  -  -  1 


(  U  -  A  d c  c 2S6  1  ri  •  y  1 7.  Ir^d  ■' 3  **  ■  ^ . 

ap  tetweer.  ruts  was  also  ir.diaated.  Two  rur.s  w-re  tat-r  i»  1  ■  r  a  -  * 

•  -  .a  £  ^2 1  3lrir.*up  ’.roit"*  r.*.  x  1 3  r.  2cld#  C2«sc  ind  *  2  3  • nf*  *t  *  r-f 
reaedir*  rur. .  Ir.  toth  cascs,  t re  pr.a»duot  was  of  gaoa  quality 
r.d  r.o  difriaulties  due  ro  deoairtposltior.  or  adr.es  1  ar.  «ere  at  - 

.-  -  •  •  r  J 

'C'  The  resul* s  fro-  eight  runs  *at„la:-d  1'  7a:  ill 


i 


T1  IA.TJ 


s.rosld  be  made.  particularly  since  It  car.  be  readily  bonded  to 
metal  arc,  *. rerefore,  provloes  good  beat  trar.3fer. 

(')  Teflon  7FZ-llr.ec  kitcrer.  utensil  par. 3  were  used  for 
trio  worw  employing  tr.e  33-e  glass  top  as  previously  described. 

7r.*  first  par..  wrier.  rad  a  ta  -colored  eoatir.g,  xoc  rested  by  rears 
:  f  a  rot  plate  art  a  trail  resting  *  ape  wrapped  around  tr.e  sides, 
t v-pers t ure  betwee:.  the  r.ot  plate  •»r.d  tb.e  par.  was  maintained 
rears  of  a  tempera*, are  controller,  while  a  varlac 
was  coed  to  r.eat  the  tape.  A  single  batch  ran  pro- 


a. 


d-cec  excessive  sticking  of  A 1H3 -1 '  ^ .  ,  particularly  on  the  hot  tor 
cf  tr.e  par  were  the  r.eat  was  applied;  .to  adr.eslon  was  noted  on 


(;)  7re  secir.d  par  wr.ic r.  had  a  black,  and  supposedly 
- '  r-  d-r.ble  coating,  was  rested  by  rears  of  t  re  tape  only,  witn 
a  varlac  setting  of  51-55.  A  drlp-lr.  ran  produced  only  AIH3- 
1  - r  1  wltr.  r.o  adr.eslor.  to  tr.e  vessel  surface.  After  cleaning  with 
;..s:lc  arc  acid,  a  second  rot  was  race  wltr  a  varlac  setting  of 
arc  ir.  tr.ls  case  cars  lc  .  ra  c  le  adr.eslor  occ_rred  or.  a  re  sides 
of  tr.e  par  «~ere  It  was  rested,  tut  none  or.  tr.e  bottoa. 


)  Tr.e  results  ir-'-  trese  tr.ree  runs  Indicated  t ha 


V 

3:.  ccc-rrri  only 

■  "*  -  -C-  -»  ti  ?  *  r*  *  *-  O 

~  -V-  ~  -  t  -*•  —  • 
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or.  tr.e  rested  . FI  surfaces,  ar.d,  when  tr.ls 
second  rot  (varlac  setting  53-55 )  r.o  adhe- 


M  Ire  Effect  of  kail  Temrerature  or.  Alurl -j=  r vdride-liml 

— - i - T - ; - - - - - *“i - *_  .  .  • 

:o  LZZ11  v «-  ) 

(!)  Product  adr.eslor.  to  pyrex  glass  -3s  always  beer,  a 
:-rlocs  problem.  To  deter—lr.e  tr.e  effect  of  temperature  or.  tr.ls 
•--t-arlal,  a  regular  drlp-lr.  rot  was  made,  but  the  retrod  of 
-sting  tr.e  etr.er-bercere  solvent  was  changed.  The  silicon.::  oil 
:atr  temperature  was  reduced  from  tr.e  usual  III3!.  to  55*7.  The 


re-air der  of  tr.e  r.eat  was  supplied  by  a  - .  1  -w a 1 1  Ilc-^uartz  pencil- 


itt  31; 

t  — ersior.  heater  placed  Ir.  tr.e  trerrreter  well  wrier,  ex  - 

r-r.ded  two  to  two  ar.d  a  naif  Irenes  below  tr.e  surface  of  the  sol¬ 
ver.*..  Tr.e  result  was  all  A1H> -1-5 -  wltr.  r.o  sticiclng  on  tr.e  sides 
yrex  flask.  The  tremometer  well  wrier,  r.eated  the  solu- 
cecone  coated,  althougr.  the  amount  of  a  d  re  re  d  material 

"  -  J 


(7)  Icr.s iderab ly  core  adr.eslon  w^uld  normally  be  ex- 
p-^cted  or.  tr.e  sides  of  tr.e  flask  with  a  bath  temperature  of  100*C. 
It  rust  be  eo-cluded,  therefore,  tr.at  the  wall  temperature  of  the 
crystalllrer  vessel  is  ar.  important  factor  In  adhesion,  and  that 
1*.  srould  be  kept  33  low  as  possible.  Differences  in  design  and 
tr.e  resulting  Internal  wall  temperature  nay  explain  wr.y  adresion 
remains  a  problem  ir.  the  nine-gallon  7EF -lined  crystallizer  and 
not  ir.  the  smaller  laboratory  models. 


CONFIDENTIAL 


1.  Flare  Photometry  Studies  cf  Aluminum  Hydride  Solutions  (0) 

(D)  The  determlration  of  alkali  metals  In  a  r.cn-aquecus  sol¬ 
vent  Is  a  known  analytical  technique.  It  tr.erefcre  appealed 
feasible  to  determine  lithium  and  sodium  in  •:  tr.er-cer.zer.e  solu¬ 
tions  of  aluminum  hydride,  and  to  use  tr.is  inf cma tier,  for  none 
precise  control  of  the  crystallization  process. 


(1)  Determination  of  Exact  Stclcnicmetrv  f:r  Preparation 
^■■T^,u:nnj..uu:iT»  -(Tr - ‘ 

(C)  With  the  continuous  crystallization  technique  it 
is  extremely  important  to  know  the  exact  s :  o  ic  hi  ere  trie  equivaler 


point  of  the  aluminum  chloride-lithium  a !  uni  root  nydride  reaction. 
If  excess  aluminum  chloride  is  present,  the  run  will  not  nucleate; 
if  a  large  excess  of  lithium  aluminum  hydride  Is  present,  toe 
product  adheres  to  the  wall  of  the  crys tallizer. 

(C)  This  problem  was  solved  by  the  application  of  flame 
photometry  to  the  analysis  of  aluminum  hydride  solutions.  When 
lithium  aluminum  hydride  is  added  to  aluminum  chloride,  only  the 
solubility  of  lithium  chloride  is  responsicle  for  lithium  concen¬ 
tration  up  to  the  stoichiometric  equivalence  point.  Beyond  tr.is, 
an  excess  of  lithium  aluminum  hydride  appears,  and  lithium  con¬ 
centration  Increases  rapidly.  The  change  in  lithium  concentration 
can  be  followed  by  measuring  the  emission  of  the  c'70c  A  lithium 
line.  It  remains  practically  constant  until  the  stoichiometric 
equivalence  point,  after  which  it  abruptly  rises. 

(U)  A  linear  relationship  of  emission  versus  concentra¬ 
tion  is  obtained  for  lithium  aluminum  nydride  solutions  up  t: 
about  0.2  millinolar ,  a  concentration  whior.  requires  approximately 
a  thousandfold  dilution  of  the  alur.lr.un  hydride  feed  sample.  This 
is  readily  accomplished  by  mixing  O-CpO  ml.  of  aluminum  hydride 
solution  with  50  ml.  of  tetrahydrofurar.  in  a  -i 0  ml.  serum  bottle, 
producing  the  proper  concentration  range  to  provide  a  spectro- 
phctcwtric  response  for  lithium  in  the  linear  portion  of  the 


emission  curve,  to  prevent 


precipitation 


run  hydride,  and 


of  the 

T 1 1  ^  * 

in 

3  shows 

emiss I 

■eactlon 

mixtures  ranging 

cent  of  stoichiometry.  The  intersection  of  a  straight  line  re¬ 
sulting  from  a  small  amount  of  soluble  lithium  chloride  in  the 
pre3er.ee  of  aluminum  chloride  and  another  straight  line  due  to 
the  presence  of  excess  lithium  aluminum  hydride  establishes  the 
equivalence  point  with  an  estimated  accuracy  of  sO. 5? .  It  can 
be  seen,  therefore,  that  ^r.  aluminum  hydride  sc  1  it  lor.  which  pro¬ 
vides  an  emission  reading  of  less  than  5  Is  or.  the  aluminum 
chloride  side,  and,  as  a  result,  will  r.ct  r.uc eate  properly. 
Headings  higher  than  5  can  be  used  to  calculate  tr.e  amount  of  ex¬ 
cess  lithium  aluminum  hydride .  This  analysis  has  resulted  in  much 
closer  control  of  the  crystallizer  feed  solution  composition. 


SPECTROPHOTOMETER  READING 


(C)  Convenient;  and  rapid  sampling  techniques  and  stan¬ 
dardized  procedures  for  s az.pl e  preparation  and  analysis  of  alu¬ 
minum  hydride  solutions  have  teen  wariced  out.  Figure  a  shears  the 
three-way  sample  valve  being  used  with  the  flare  phot one ter .  A 
standard  lithium  aluminum  hydride  solution  is  used  to  calibrate 
the  instrument  both  before  and  after  the  sample  is  run.  A  third 
setting  allows  the  flare  Jet  and  sarple  line  to  be  flusted  with 
the  solvent,  tetrahydrofuran 

(C)  The  no  lari  ty  of  the  excess  Iithiua  alurir.ua  hydride 
car.  be  established  by  reference  to  another  graph  ( Figure  5)  ob¬ 
tained  froa  the  sare  data  as  Figure  3.  It  this  ea>,e  the  spectro¬ 
photometer  reading  resulting  frca  ar.  olurir.ua  hydride  solution 
containing  a  slight  excess  of  HAUL*  is  plotted  against  the  molar¬ 
ity  of  the  excess  LiAlii*.  It  has  been  observed  that  the  slope  of 
this  line  la  greater  than  that  of  LiAlii*  by  its°lf  in  tetrahydro- 
furar. .  The  reason  for  this  Is  believed  to  be  a  slight  enhancement 
of  Iithiua  chloride  solubility  resulting  froa  excess  Iithiua  alu- 
rirur  hydride. 

(2)  The  Plane  Bals3ion  Spectrua  of  an  Alurinua  Hydride 

Solution  [TJ] 

(C)  In  addition  to  Je terrlning  Iithiua  by  flaae  photon- 
etry.  It  nay  also  be  possible  to  determine  other  elements  such  as 
ragr.es ium,  sodium  and  boron.  In  order  to  determine  if  any  cf 
these  elements  could  be  detected  in  an  aluainua  hydride  solution 
containing  a  slight  execaa  of  iithiua  a its inua^ hydride,  a  riaae 
spectrua  was  obtained  between  JCOO  1  and  5000  i  as  shown  In 
Figure  6.  Although  no  coron  was  present.  It  would  be  expected 
to  have  approximate] y  the  sare  sensitivity  as  aluainua. 

(U)  The  elements  which  can  be  identified  are  sodiua 
(5900  i)  and  lithium  (6706  i ] ;  the  reraining  emission  is  due  to 
carbon  in  the  tetrahydrofuran.  It  should  be  noted  that  there  is 
no  interference  frca  the  solvent  for  Iithiua,  while  the  sodiua 
emission  appears  on  a  small  shoulder.  Sodiua  is  present  as  an 
impurity  even  in  the  distilled  tetrahydrofuran  and  therefore  it 
ray  be  difficult  to  determine  very  small  amounts  associated 
with  the  reaction.  If  larger  concentrations  appear  as  the  result 
of  a  slightly  soluble  sodium  salt,  they  should  be  reasonably  easy 
to  determine. 

(0)  Any  emission  due  to  aluminum  is  completely  aasiced 
by  the  solvent,  and  the  same  result  is  expected  for  boron  and 
magnesium.  If  flame  analysis  is  to  be  'used  to  determine  these 
elements  in  the  crystallizer  solution,  it  will  be  necessary  to 
hydrolyze  the  samples  and  obtain  the  emission  of  an  aqueous 
solution. 
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Accurate  Determination  of  Small  Acs  art  3  of  *ater  In  Crtvanic 

TH - - - 


co.  verts 

(C)  Ir.  aluminum  hydride  crystallization  it  is  important  that 
•  ^0  ¥3t.ci"  content.  3 r  * r.e  solvents  te  -c to  3  *• 1  r  1  **  »■»  ^ 

modified  Giltarco  Sorptior.  Hygrometer  ha 3  teen  used  for  the  past 
two  years  to  determine  small  amounts  of  water  ir.  terrene  ar.d  ether. 

^  a  i * 


While  useful  for  tr.is  purpose,  the  Instrument  has  the  disadvantage 

1 3  necessary  to  wait  15-20  minutes 


of  requiring  quite  long  periods  of  time  to  reach  stable  operating 


cord  it  ions ; 
between  samples. 

(")  A  more  rapid  and  accurate  method  of  determining  water  is 
gas-liquid  chromatography  using  the  .newly-developed  porous  polymer 
columns  (2).  This  technique  is  now  being  used  to  determine  water 


<  n  -  r*  «  -w 


s  c - v en ts . 


i?  •  - 


7  shows  a  typical  pea<c  for  water  In 


tenzer.e  wr.lch  has  teen  tried  with  llthljrs  alusir.-zi  hydride.  Star.- 
1 3 curves  ha ve  teen  prepared,  ant  It  Is  now  possltle  to  tetei^ilne 
water  ir  ber.zer.e  and  ether  below  13  ppm. 

2.  Development  of  3  Cor.t in.-ous  Crysta  11  irer  (U ) 


( C )  The  objective  of  the  continuous  crystallization  woric  is 


the  improvement  of  the  properties  of  A1H 


3  --- 


particularly  the 


thermal  stability.  The  goal  is  to  develop  a  continuous  crystal¬ 
lizer  where  precise  control  of  the  many  parameters  affecting  the 
' r/s : a  1 1  izat izr.  of  aluminum  hydride  car.  be  attained.  Continuous 
crystallization  of  ALHa-l-pI  was  demonstrated  in  19*55  (i )  with  con¬ 
siderable  progress  made  In  the  development  of  such  a  crystallizer. 
Specific  objectives  this  year  include: 


(I) 

(11) 

(III) 


Incorporat ion  of  magnesium  into  the  crystal 
lattice  and/or  surface  treatment  of  the  crys¬ 
talline  product  to  improve  thermal  stability. 


Izat  lor.  of  the  crystallization  param¬ 
eters  to  improve  the  pr.ys*~al  and  chemical 
properties . 

Improvement  of  the  continuous  crystalliza¬ 
tion  process . 


(Iv)  Supply  of  the  "best "  .\IH3-I-pl  tr.at  can  be 
produced  by  current  technology  for  charac¬ 
terization  and  evaluation. 

(C)  Considerable  progress  has  beer,  made  In  unders tarsd ing  and 
controlling  the  conditions  required  for  reproduclbly  obtaining  ac¬ 
ceptable  AIH3-IA51  nuclei.  Significant  advancements  have  also 
been  made  in  the  areas  of  solution  stability,  prod uc r  adhesion  and 
reaction  stoichiometry.  Finally,  a  technique  has  beer,  developed 
to  routinely  incorporate  magnesium  into  tne  crystal  lattice  of 
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to  remonstrate  tr.e  reas  ici^tty  or  c  onsir-uou3  crysca-.uzat  uur.  o; 
AlHj-1-51  In  1965  (1).  retails  of  tr.e  operating  principles  of  ere 
were  also  presented.  Results  obtained  ir.  tr.is  .cr.it  led  to  tre 
igr.  and  installation  of  a  He  res  it  e -coatee ,  tutelar  crys'allizer 
ir.  early  1966  and  finally  to  a  poiyperf laorinated  etr.yle-.e-pro 
copolymer  (Teflon  PEP )  lined  unit  of  similar  design.  retails 
tr.e  operating  procedures  and  conditions  are  outlined  tele* 


(U)  An  ether  solution  of  aluainns  hydride  is  octair.ed  cy 
reacting  ether  solutions  of  Aids  and  LiA1.44  in  a  batch,  reactor  at 
anbier.t  temperature.  The  ether  na3  been  previously  distiller  fr.a 
LiAlri*  and  dried  with  molecular  sieves.  A  3 1  igr.t  eice3S  of  _iA In. 
is  used  to  assure  complete  reaction  of  the  AICI3  and  sodium  toro- 
hydride  is  added  to  generate  Li3L*  in  situ.  Removal  of  the  re¬ 
sulting  insoluble  chlorides  by  filtration  and  dilution  with  tonzer.e 
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In  the  crystallizer  feed  tarJc  resalts  in  a  0.25-C.3O  N  al_z:ir.ar 
hydride  feed  sc  1  at  ion .  Prerarare  precipitation  in  the  feed  tar.lc 


ir.trodaced 
t  ar.»; . 


is  r.ct  a  protler  at  art  lent  tempera  tare  .  Xagr.e  s  i  an  1  s 
“7  adding  an  ether  solatior.  cf  LiXg{AliL*)3  to  tr.e  feed 

(2)  ,  CrY3.tai:i^a_t_lcn  (U) 

(C)  Schematic  flow  diagrams  of  the  Heres  ite-coated  tatalar 
ar.o  the  ~eflon  ?£?-lined  crystallizers  are  presented  in  ?Igare3  c 
ar.d  9-  Ler.zer.e,  distilled  froz  Li  A  IK*  and  cried  witr.  rolecalar 
sieves,  is  charged  to  the  tryst?  11  izer  and  heated  to  rCa2.  An 
ether  solatior.  containing  A1H3,  LiAlhL*  an 


a  T  •  =« 


zrL*  is  then  slow!" 


fed  to  the  toiling  ter.zer.e  to  caase  nacleatlor.  ty  the  tr.erral 
seeding"  techni^ae.  After  r.a'leati on,  a  clear  s to ic r.ionet r ic  fee: 
solatior.  is  prepored  ty  the  above  p roc ed are  and  added  to  the  crys¬ 
tallizer.  Analyses  of  a  typical  feed  eolation  are  presented  in 
Tatle  IV.  The  c  ire  ala  *  ir.g  ragra  tenperatare  is  then  allowed  to 
decrease  to  the  desired  operating  tenperatare  and  controlled  ty  the 
distillate  removal. 

Tatle  TV 

(U)  Typical  Alar  Iran  Hydride  Feed  Solatior.  Analysis 
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(C)  A  prodact  3 1  re  an  is  cor.tir.aoas  ly  reroved  near 


throagh 


ottoa  of  the  elatriation  leg  and  passe: 

eparator  where  the  A1H3-1151  crystals  settle  into  a  cold  ter.z'-ne 
reservoir.  The  s apema tar.t  1  iqaor  can  te  filtered  to  strove  low 
density  and/or  high  sarface  area  particles  ar.d  recycled  ty  rears 
of  a  Teflon  diaphragr  p  arp  or  reroved  fron  tr.e  syster.  If  re  - 
cycled,  the  3trear  is  coroir.ed  with  the  feeu  strear.  The  elatria- 
tior.  strear  is  reroved  near  the  surface  ar.d  recycled  to  give 
internal  classification  of  the  crystalline  prodact.  A  change  in 
the  operation  of  the  polyperf laorir.a ted  ethylene-propylene  copolyrer 
(Teflon  FT? )  lined  crystallizer  <3 3  necessary  to  facilitate  it 3 
operation.  The  reflax  f roc  the  di3tl_lation  colzm  13  a3ed  as  the 
elatriation  3 1 rear  instead  of  rerovir.g  rother  I  iqaor  fror  the  top 
of  the  crystallizer  33  in  the  Keresite  ar.it.  Several  recent  rar.s 
have  teen  aade  without  elatriation. 


(3)  Evalaation  (U ) 

(U)  Frodact  sarples  are 
washed  ty  decantation,  ana  vac  a  an 

-33- 


reroved  period ic 3 1 ly ,  ether 
cried  .  The  reco 


vered  ALH3-1-51 


AIM,- US  I 


(C)  Pig.  9  -  Teflon  PEP-Llr.ed  Crystallizer 


OJ  tl 


I 


is  evaluated  by  a  series  of  physical  and  chemical  tests.  Tn.ese 
tests  include  microscopic  examination  of  tr.e  particle  cor.figura- 
r.d  crystallinity,  I-ray  diffraction  analysis  to  establlsr. 
e  p-ase,  tul»c  der.3ity,  screen,  and  elemental  analysis.  Tnerma. 
ctatility  is  determined  by  tr.e  modified  Taliar.i  apparatus  at  6c *1 


-  e  s  - 1 1  s 


(C)  Ore  hundred  forty-five  runs ,  summarized  in  Table  V,  were 
ide  this  year.  Seventy-four  of  these  produced  AlHj-1-51  with  r.c 
nntamination  from  other  phases  while  others  resulted  in  a  mixture 
r  AlHj-1-51.  and  AIHj-IAAA,  Al»3  1-33,  etc.,  or  failed  to  nucleate 
rcperly.  It  3 no u 1 d  be  remembered  that  this  program  was  designed 
'  ct-dy  the  crystallization  process;  therefore,  ICO?  AIF3-IA51 
;s  not  expected  under  ail  conditions.  Kcst  of  the  runs  in  the 
j*ter  category  can  be  explained  either  directly  in  the  case  of 
3  r.ucieatior.  or  indirectly  ir.  tr.e  case  of  A 1H  3  - 1  -  -  -  *■  y  the 
nesen.ee  of  impurities  wn.ich  inhibit  r.ucieatior.  until  the  upper 
:ncer.t ration  limit  permissible  for  the  formation  of  Al^-l-pi  !s 
rre-oed.  A  disc-ssior.  of  impurities  and  their  effects  is  pre- 
■r.’.ez  in  a  later  section,  A.2.c.(5). 


Table  V 


i  '  ^  1  „  _ 


Hydride  Phase  Produced 


Excessive  Decomposition 


Failed  to  Nucleate 


(0)  All  runs  were  continuous  and  varied  in  length  from  3-17 
nours,  the  shorter  run3  being  those  which  failed  to  nucleate 
properly,  wntre  excessive  decomposition  occurred,  or  wr.erm  the 
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eliminating  or  reducing  product  adhesion  and  Incorporating  mag¬ 
nesium  tr.to  the  crystal  lattice  of  A1H3-1451. 

(1)  Crystallizer  Design  (U ) 

(C)  Three  crys ta  1 1  iter  designs  have  beer,  evaluated, 
r-arely  the  Draft -Tube  Baffle  (STB)  crystallizer,  the  Heresite- 
coated  tubular  crystallizer,  ar.d  the  Teflon  FE?-lined  tubular 
crystallizer.  All  three  units  will  produce  1 DC*?  ALHa-IApI  with 
no  significant  differences  in  product  quality,  crystal  adhesion 
to  vessel  walls  or  solution  stability  noted  as  a  function  of  de¬ 
sign  .  The  operation  of  the  tubular  crys tailizers  is  similar  to 

(C)  The  design  of  the  TTB  crystallizer  was  discussed  in 
detail  in  an  early  report  ( 1 ) .  Tris  crystallizer  wa 3  relatively 
complex  mechanically  and  made  effective  clean-up  more  difficult. 
The  Heres  ite-coated ,  tubular  unit  eliminated  the  settling  annul u3 
and  increased  the  L,  2  ratio  to  3:1  and  core  angle  to  75cC.  A 
f-r then  increase  in  tr.e  1, B  ratio  to  6:1  was  incorporated  into 
tr.e  ces igr.  of  toe  Teflon  FE?- lined  unit. 

C - )  It  is  concluded  from  these  evaluations  that  crystal¬ 
lizer  design  car.  and  should  be  simplified  33  much  a3  possible  and 
that  tr.e  1*0  ratio  should  probat.'  be  between  3:1  and  6:1. 

(2)  Materials  of  Construction  (0) 


(  "  \  a  •*  1  —  c  «■  ■  \J — *  —  —  c  -  -3  *  '  *  -a— c  va— a  ~  Ka.a  ..  -a  .  a^  —  # 
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H  res  it*  -coated  steel,  rrob.ems  were  encountered  with  scaling 
and  plr.  .holes  ir.  the  coating,  particularly  around  welds  and  at 
slope  changes.  Design  modifications  and  conductivity  c hec tea  of 
the  coating  prior  to  use  improved  the  life  of  the  coating  but  It 
did  not  eliminate  completely  the  deterioration  problem.  There¬ 
fore,  although  Heres ite  is  definitely  compatible  with  the  aia- 
mlr.un  hydride  system  at  operating  conditions,  it  is  doubtful  that 
this  material  of  construction  is  durable  enough  for  commercial 
application  in  this  process. 

(C)  An  evaluation  of  other  materials  of  construction  was 
deemed  necessary  to  eliminate  product  adhesion  to  the  vessel  wall3. 

A  fluorinated  ethylene-propylene  copolymer  (Teflon  FE?)  resin  was 
found  to  give  outstanding  results  in  the  laboratory  as  discussed 
ir.  Section  A. I.,  including  me  essential  elimination  of  product 
adhesion,  a  significant  reduction  in  decocpcs ition,  increased 
yields,  and  a  reduced  clear. -up  time.  As  a  result  of  this  woric, 
a  tubular  crystallizer  was  fabricated  from  stock:  Items  of  Teflon 
n? - 1  In ed  pipe  and  fittings. 

(l )  Evaluation  of  the  FE? -lined  crystallizer  is  Incomplete. 
Inspection  of _ the  vessel  after  four  runs  revealed  that  the  lining 
In  the  S'  x  2’  concentric  reducer  had  sheared  in  the  2"  nozzle  due 


to  stresses  generated  during  fabr  icatlor. .  This  Ireau  in  tr.e 
lining  exposed  the  base  metal,  slid  steel,  to  the  c.  vstallizer 
solution  and  resulted  in  excessive  decomposition  of  the  aluminum 
hydride.  After  several  additional  runs,  the  Tell  or.  71? -lining 
In  the  cone  and  on  the  bottom  third  of  the  cylindrical  section 
deteriorated  during  a  single  run.  I-?_3y  aralysis  of  a  sample 
scraped  from  the  liner  revealed  A173  (11-21*?),  and  equal  amounts 
of  graphite  and  Teflon.  This  deterioration  is  apparently  a  reac¬ 
tion  of  either  aluminum  hydride  and/or  aluminum  with  the  Teflon 
77? .  The  nature  of  this  reacticn  and  the  conditions  required  to 
initiate  It  are  unjcnown.  Run  conditions  and  clean-up  procedures 
were  both  normal.  The  only  observed  effect  of  the  deteriorated 
surface  is  increased  product  adhesion.  In  addition  to  the  above 
mec  manic  a  1  problems,  a  fire  resulting  from  a  HAlH*-solut!on  lea* 
has  also  hampered  the  evaluation  program. 

(C)  Heat  transfer  is  a  problem  lr  the  operation  of  the 
Teflon  7E? -1  ire-d  crystallizer .  The  calculated  overall  neat  trsnsfe 
coefficient  Is  less  than  11  3TT/hr/f  :*/  *7  as  compared  to  ~2-~~ 
for  Pfaudler  glass-lined  vessels  operated  under  similar  conditions. 
The  low  heat  transfer  rate  results  because  the  Teflon  77?  lining 
is  not  bonded  to  the  base  metal.  A  benzene  vapor  'r.Jectior.  system 
which  increases  the  total  heat  input  has  been  operated,  but  effects 
of  vapor  injection  on  rucleatior.,  crystal  growth,  etc.,  are  ur.ur.s *r. 


(C)  In  susrtary,  the  -se  of  Teflon  77?  is  a  sigr.ific 
step  in  the  right  direction.  Product  adhesion,  although  3t! 
present,  is  not  of  the  same  order  of  magnitude  ar.d  may  be  re 
to  operating  parameters  and/or  cry3ta  izer  design .  Similar 
heat  transfer  13  a  problem:  but  it  can  be  overcome  by  .sing  o 
methods  of  heat  input  such  as  vapor  injection,  external  heat 
changers.  Internal  heat  exchangers,  etc.  Additional  vorlc  is 
quired  to  fully  evaluate  the  use  of  Teflon  77?. 


7  > 
her 
ex  - 


re- 


(3)  Xucleatlon  (U) 


(C)  The  mechanism  and  conditions  of  initial  r.ucleation 
are  extremely  critical  in  determining  the  appearance  and  quality 
of  the  final  AIH3-IA5I.  Xucleatior.  in  the  a  1  mo  in  um  r.ydride  crys¬ 
tallizer  Is  accomplished  by  a  'thermal  seeding'  technique.  Pour 
methods,  as  shown  In  Figure  10,  have  beer,  evaluated  wltn  the  most 
reproducible  results  obtained  using  Rethod  - . 


(C)  The  first  method  consisted  of  adding  an  etr.er  solu¬ 
tion  of  al-.aaln jb  hydride,  lithium  almsir.um  hydride,  and  lithium 
borohydride  to  ambient  temperature  benzene  and  heating  until 
r.ucleation  occurred.  The  long  heating  time  resulted  in  excessive 
decomposition  in  the  solution.  The  second  method  was  adapted  to 
reduce  this  heat  treatment  time.  In  this  method  the  hydride  solu¬ 
tion  was  added  to  preheated  benzene.  The  third  method  consisted 
of  charging  batch-vise  the  same  solution  to  bailing  benzene. 

7hi3  method  resulted  in  a  temperature  drop  wit.nout  r.ucie3ttor. 
occurring.  By  reheating  the  solution  to  a  higher  temperature. 
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Introd-ced  aver  a 
igh  temperature,  t 


tlor.  mechanism,  if 
omed  cutes  af  A1H 


crystal  growth  rate  Is  rapid;  sate  agglomeration  has  also  Peer, 
noted.  Finally,  it  is  essential  to  eliminate  concentration 
gradients  in  the  crystallizer  to  prevent  the  continuous  nuclea- 
tiar.  of  the  undesirable  A.Hs-l^Ai  phase. 


(1)  Further  c:r.3.deratIor.  af  rucleatior  data  gene: 
in  the  cart  in  uo  us  crystallizer  she  vs  that  the  controlling  ; 
eters  are  the  aluminum  r.ydride  concentration,  the  tenperat. 
(ether  concentration ) ,  and  the  additive  hydride  cancer.  I  rat! 
Since  aiuml nun  hydride  exists  in  at  least  seven  pa  1  ymorphic 

r.e 


reuatiansnip  a:  the  various  aluminum  nyarice  c rye :a..:r.e 
aluminum  r.ydride  concentration,  temperature  ,  etr.er  c one e 
additive  hydride  concentration.  etc.  However,  3  woricir.g 
nt.3  cc is t lr. i  d 3  ^,3  s  d^vclop^d  ?ar. d  Is  pr^ss 

Figure  11.  She  aluminum  hydride  care entratiar.  is  tased  on 
total  vol zme  of  uolvcnc  present  in  the  crystallizer  at  the 
af  r.ucleation.  The  temperature  is  a  f^ncticr.  af  the  ether 
•ration  as  it  res  resents  the  boiling  point  :  the  ether  -  ; 
alver.t  system  at  atmospheric  pressure. 


(C)  Nucle.  tian  in  the  "batch’  crystallizer  is  shown  by 
urve  1  in  Figures  11  and  12;  because  of  the  expanded  scale  or.  1 
he  lower  part  af  the  curve  is  used  far  Figure  11.  In  thi3  cas 
ire  molar  concentration  at  .lucleaticr.  is  approximately  C.C9  ?!  at 
" 5-2*C .  with  r.ucleation  occurring  as  AlH3-l--3  and  proceeding 
through  A1H3-H33  to  A1H3 -1-51  -  AIHj-.--^  was  obtained  if  tr.e 

temperature  was  too  law  or  too  high  at  r.ucleation.  C urve  1  is 
typical  of  2  large  number  of  runs  made  under  these  conditions. 


(C)  In  the  continuous  crystallization  studies  in  the 
laboratory  using  the  "thermal  seeding”  technique  (Xethod  1),  the 
concentration  of  aluminum  hydride  was  initially  set  at  C-CCc"  K. 
Jiucleatior.  in  this  case  occurred  a3  A1H3 -I-*”,  followed  ty  carve: 
s lor.  to  AlHs-lApl.  This  method  is  represented  by  Curve  2  ir.  Fig. 
11.  The  same  technique  ar.d  concentration,  however,  resulted  in 
direct  r.ucleation  of  A1E3-1~51  in  the  CT3  crystallizer.  It  is 
believed  that  the  difference  resulted  from  a  significant  amount 
of  decomposition  in  the  CT3  unit  at  the  time  of  these  studies 
wr.lch  reduced  the  concentration  at  r.ucleation  to  C.CC--C.lCr  X, 
as  3hown  ir.  Curve  3,  Figure  II.  Sucleatlor.  at  concentrations 
lower  than  O.OCp  H  in  the  laboratory  does  result  in  the  direct 
r.ucleation  of  ALE3-1A51  as  would  be  expected.  Again,  Curves  2 


I 


I 


■ria 


.nd  3  are  typical  of  a  large  r.^ler  of  runs  rude  under  these  conol- 
tlors.  Results  obtained  u<lr.g  the  'tr.erta  1  seeding "  techniques 

a  _  M .  «  i _ J  ^  n _ -1  1  _  — _  w  —a  _  i  1 _ \  _  a  _ »  _  -  _  _  _  _  u  ^  > _ _ _ « 


ir.  Methods  2  ar.d  3  car.  be  similarly  interpreted. 


■>  i 


_>3ta  for  several 
Add  it  lor.  a  1  runs 


runs  using  Method  -  are  also  srowr.  in  Fig  u_  _ _  _ 

using  Met  nod  a  nave  sucstar.t  iated  the  conditions  required  for 
direct  nucleation  of  A 1H3 - 11 5 1  ■ 


(3)  The  fundamental  difference  between  Method  -  and 


he 


other  three  thermal  seeding  techniques  and  the  batch  technique 


should  be  noted  by  reference  to  Figure  11.  Instead  of  approaching 
the  r.ucleation  temperature  fron  the  left  (AIH3  in  solution),  r.ucle¬ 
ation  by  Method  a  proceeds  froi  the  right  according  to  the  solid 
line  (73a).  If  r.ucleation  pro :erjs  in  a  normal  manner,  the  alu¬ 
minum  r. yd r id e  concentration  remains  below  0.035  M  with  approxi¬ 
mate^/  tr.e  same  amount  being  removed  by  crystal  growth  as  i3  added 
by  solution.  If  for  some  reauon  (impurities,  etc.)  nucleatior.  doe3 
not  occur,  too  aluminum  hydrije  concentration  increases  above 
7.335  M  (broi cer.  line)  and  enters  a  region  where  AlH3-lAUut  A1HS- 
1-33  and  other  extraneous  phases  nucleate. 


(C)  It  Is  apparent  : res  these  data  that  the  aluminum 


r.ydriue  concentration  at  nucleatlon  is  a  controlling  factor.  The 


-pper  concentration  limit  to  obtain  Ai£a-1A51  directly  Is  approxi¬ 
mately  3.3C5  M.  Concentrations  above  this  limit  usually  jrleld 
A 1H  3  - 1  -  -  -  at  the  higher  temperatures.  The  one  exception  is  wner. 
a  large  excess  of  lithium  aluminum  hydride  Is  present  ir.  the  crys- 

ta  leer  at  r.ucleation.  This  tends  to  expand  the  region  for  direct 

•  *  . 


r. .c  .e  t*.on  of  Alri^-i-pl  (started  results)  and  appear-  to  play 


rrle  in  the  r.ucleation  mechanism.  Finally,  It  should  be  emphasised 
tnat  the  exact  shapes  of  the  phase  c  irves ,  their  exact  location  or. 
the  diagram,  ar.d  the  relative  areas  ire  only  approximate  ar.d  repre¬ 
sent  a  valuable  wor’iclng  diagram  consistent  with  all  available  data. 


(-)  Parameter  Studies  (U) 


(C)  The  most  significant  parameters  in  the  aluminum  hydrid 
crystallization  process  are  believed  to  be  agitation,  crystal 
retention  time,  feed  rate  end  additive  hydride  concentration. 

These  ar.d  other  parameters  studied  are  discussed  below. 


(a)  Agitation  (0) 

(3)  Agitation  affects  the  crystallinity  of  AIE3-IA51  ar.d 
the  crystal  retention  time,  but  has  little,  if  any,  affect  on 
product  adhesion  to  vessel  nails.  The  effect  on  product  agglomera¬ 
tion  1 3  rot  icr.own.  These  conclusions  are  based  on  observations 
made  Ir.  a  large  number  of  runs  in  which  three  types  of  agitator 
designs  were  evaluated.  Designs  include  propeller,  anchor,  and 
turbine  type3  operated  with  and  without  draft  tabes,  and  with  both, 
upward  and  downward  draft.  Speed  has  been  varied  from  50-300  rjxa. 
Tr.e  use  of  baffling  nas  not  ‘seen  thoroughly  examined,  as  Internal 
surface  area  has  been  minimized  due  to  the  product  adnesion  problem 
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demonstrating  that  AlH3-l451  can  be  crystallized  at  significantly 
higher  feed  rates.  The  maximum  rate  depends  on  many  factor  such 
as  nuclei  size,  distribution,  effects  of  impurities,  etc.,  and  has 
not  been  established.  Rates  up  to  0.13  mole s/liter/ hour  have  been 
used  in  laboratory  back-up  work. 

(d)  Feed  Concentration  ( U) 

(C)  Solubility  data  of  the  etherate  of  aluminum  hydride 
in  diethyl  ether  have  been  presented  previously  (3)-  A  method  was 
developed  to  permit  the  holding  of  more  concentrated  solutions. 
Recently  1  M  ether  solutions  of  aluminum  hydride  have  been  success¬ 
fully  used.  These  solutions  were  made  by  routing  ether  solutions 
of  AICI3,  and  LIAIH4  at  0°C.  and  maintaining  the  resulting  solution 
at  that  temperature.  More  concentrated  solutions  were  used  in  the 
laboratory  to  make  AIH3-.1451  and  should,  therefore,  prove  practical 
on  a  larger  scale. 

(C)  The  more  concentrated  feed  solution  permits  the  addi¬ 
tion  of  more  aluminum  hydride  per  unit  volume  of  ether,  which  must 
be  removed  as  distillate.  Another  method  of  accomplishing  the 
same  objective  is  by  diluting  the  feed  solution  with  benzene,  main¬ 
taining  the  concentration,  based  on  total  volume, constant .  This 
has  also  been  evaluated  using  benzene  concentrations  in  the  feed 
solution  up  to  75  volume  ,3  with  an  aluminum  hydride  concentration 
of  0.25  M,  i.e.,  a  concentration  of  0.75  M  based  on  ether  alone. 
Higher  benzene  concentrations  are  possible;  however,  premature 
precipitation  of  the  aluminum  hydride  sometimes  occurs.  The  dis¬ 
advantage  of  this  technique  is  the  increased  amount  of  solvent  re¬ 
cycle  required. 

(e)  Feed  Injection  Point  ( U) 

(C)  The  position  of  the  feed  injection  point  was  found  to 
be  critical  for  proper  nucleation  of  AIH3-I45I.  If  it  was  placed 
in  a  position  where  concentration  gradients  could  exist,  a  mixture 
of  AIH3-1451  and  A1H3-1444  phases  resulted.  Proper  nucleation  of 
AIH3-I45I  without  other  phases  was  obtained  by  injecting  the  solu¬ 
tion  through  a  dip  pipe  into  the  bulk  of  the  circulating  magma 
near  the  agitator. 

(f)  Additive  Hydrides  (u) 

(C)  The  early  runs  in  the  DT3  crystallizer  contained  both 
LIAIH4  and  LIBH4  in  equal  concentrations.  Problems  were  encountered 
in  keeping  both  hydrides  in  solution  in  the  continuous  process,  and 
it  became  necessary  to  study  the  effects  of  each  of  these  additives. 
It  was  known  that  AlH3-l451  could  not  be  made  unless  LiAllU  was 
present,  but  the  necessity  of  L1BH4  was  in  doubt.  Work  was  there¬ 
fore  Initiated  to  evaluate  the  effect  of  L1BH4 .  Originally,  NaBlU 
was  added  to  the  reactor  to  generate  some  LiBIU  _in  situ.  In  later 
runs  the  only  LiBIU  present  was  that  generated  during  the  NaBH4 
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treatment  step.  It  was  found  that  LiBH4  was  not  required  to  nu¬ 
cleate  and  grow  A1H3-1451.  Furthermore,  product  quality  did  not 
appear  to  be  affected,  as  product  from  a  series  of  runs  was  white 
AIH3-145I  possessing  a  cubic  crystal  habit  and  a  thermal  stability 
of  7  to  10  days  before  reaching  1%  decomposition  at  6o°C  .  Other 
physical  and  chemical  properties  were  comparable  to  material  made 
with  LiBlU  present.  Later  work  has  shown,  however,  that  LiBH4  in 
the  initial  feed  solution  gives  more  consistent  nucleation,  espe¬ 
cially  when  the  hydride  has  been  doped  with  magiesium.  It  is  con¬ 
cluded  from  this  work  that  LiBH4  is  not  needed  in  the  continuous 
process  where  "steady  state"  conditions  can  be  attained,  but  does 
have  a  beneficial  effect  on  nucleation.  This  is  probably  related 
to  the  increased  solubility  of  L1A1H4. 

(C)  Excess  L1A1H4  also  creates  problems  during  crystalli¬ 
zation  since  it  becomes  extremely  difficult  to  maintain  the  optimum 
concentration.  The  feed  solution  must  contain  a  very  slight  excess 
of  L1A1H4  which  is  necessary  for  desolvation  yet  the  increase  in 
concentration  must  be  held  to  a  mimimum  during  crystallization. 
During  the  first  part  of  the  year  stoichiometry  problems  prevented 
direct  control  of  the  LiAlH4  concentration,  but  after  the  flame 
photometry  technique  was  developed  the  exact  amount  of  LIAIH4  in 
the  feed  solution  could  be  determined.  This  analysis  resulted  in 
much  better  control  of  this  parameter. 


(c)  Magnesium  is  incorporated  into  the  crystal  lattice  of 

«  nr  iIict  u  . .  <,  -  ~  1 ,  „  ~  _  o  . .  l  i  - i  „  _  1  _  r  1  ^  f  *  iTr  \ 

nj.113  -  j.-t  jx  auuiii^  all  cuuci  -oOiuuic  ma^ncoiuiii  opccic,  J-fjLri&  ^  n  XXI4  )  3  , 

to  the  aluminum  hydride  feed  solution.  The  incorporation  of  mag¬ 
nesium  is  discussed  In  a  later  section. 


u  y  auuiH^ 


Temperature 


(U) 


(C)  The  temperature  of  the  crystallizing  medium  Is  a 
direct  function  of  the  ether  concentration  in  the  ether-benzene 
solvent  since  all  work  has  been  done  at  atmospheric  pressure.  The 
effect  of  equilibrium  temperature  ranging  from  75°-78°C.  (8  to  4 
wt.  #  ether)  has  been  evaluated  with  essentially  no  affect  on 
growth  observed .  The  equilibrium  solubility  of  aluminum  hydride 
is  too  low  for  growth  above  78°C  .  and  too  high  for  nucleation  as 
A1H3-1451  below  75°C.  The  temperature  for  nucleation,  however, 
is  critical. 


(U) 

(U)  The  decomposition  of  aluminum  hydride  on  the  vessel 
walls  has  been  a  major  problem  in  the  development  of  the  continuous 
crystallizer.  Three  types  of  decomposition  during  crystallization 
have  been  defined.  One  is  related  to  the  thermal  sensitivity  of 
the  material  and  the  other  two  are  related  to  the  presence  of 
impurities.  Techniques  have  been  developed  to  effectively  control 
the  rate  of  decomposition  in  the  crystallizer  for  periods  up  to 
8-10  hours. 
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(a)  Thermal  (U ) 

(C)  One  type  of  aluminum  hydride  decomposition  is  thermal 
It  is  a  function  of  the  time  the  aluminum  hydride  is  in  the  crys¬ 
tallizer  at  the  elevated  temperatures  required  for  desolvation  and 
crystallization.  Tnis  type  of  decomposition  can  be  controlled  by: 

(i)  Decreasing  the  crystal  retention  time. 

(ii)  Reducing  tne  crystallizer  wall  temperature. 

(iil)  Reducing  tne  crystallizer  solution  temperature. 

The  first  two  approacnes  nave  been  actively  pursued  and  have  re¬ 
sulted  in  an  improved  product.  It  appears,  however,  that  the 
minimum  temperature  for  crystallization  is  about  75°C.;  below  this 
the  rate  of  desolvation  and  conversion  becomes  too  slow  for  prac¬ 
tical  use.  The  optimum  temperature  appears  to  be  between  75°-8o°C 
which  is  the  range  of  the  ether  -  benzene  system  being  used. 

(b)  Catalytic  Surface  Decomposition  (U ) 

(U)  Another  type  of  decomposition  is  catalytic  surface 
decomposition,  caused  by  impurities  on  the  surface  of  the  vessel 
wall.  This  type  can  be  controlled  by  using  a  non-porous  material 
of  construction  such  as  polyperf luoroe thylenepropylene  copolymer 
(Teflon  PEP)  and/or  by  surface  treating  the  crystallizer  Just 
prior  to  start-up  with  a  very  dilute  ether-benzene  solution  of 
lithium  aluminum  hydride.  The  latter  technique  has  been  demon¬ 
strated  on  both  glass  and  Heresite  in  the  laboratory  and  in  the 
larger  scale  crystallizer. 

(c  )  Solution  Decomposition  (U ) 

(c)  Solution  decomposition  is  caused  by  impurities  in  the 
crystallizing  solution;  it  is  also  related  to  the  compatibility  of 
the  materials  of  construction  with  the  aluminum  hydride  at  process 
conditions.  The  only  effective  way  to  control  this  type  of  decom¬ 
position  Is  by  quality  control  techniques  and  the  selection  of 
compatible  materials  of  construction.  Quality  control  is  a  sig¬ 
nificant  part  of  the  existing  program. 

(U)  Impurities  are  introduced  from  various  sources  in¬ 
cluding  raw  materials  (A1C13,  L1A1H4,  diethyl  ether,  benzene), 
reaction  by-products  (iiCl,  A1H2C1,  etc.),  the  atmosphere  (02  and 
H20),  cleaning  residues  (HC1,  H20,  and/or  reaction  products)  and 
aluminum  from  the  decomposition  of  aluminum  hydride. 

(U)  Impurities  in  the  aluminum  chloride  are  primarily 
trace  metal  chlorides.  A  typical  emission  spectroscopic  analysis 
is  shewn  in  Table  VI.  The  preparation  procedure  of  aluminum 
chloride  solution  includes  a  hydride  treatment  step  with  either 


-48- 

CONFIDENTIAL 


CONFIDENTIAL 

(This  page  is  Unclassified) 


NaBH.*,  NaAlH4,  or  LiAlH4.  It  is  believed  that  this  treatment  re¬ 
moves  the  transition  metals  (Fe,  Zn,  Ti,  etc.)  which  are  known  to 
be  detrimental  to  the  stability  of  aluminum  hydride.  Emission 
spectroscopic  analysis  of  the  aluminum  chloride  solid  after  treat¬ 
ment  does  not  reveal  a  noticeable  difference  in  concentration  of 
any  of  the  detectable  metal  ion(s),  but  the  presence  of  Ti  and  Zn 
in  the  hydride  residue  has  been  identified  by  X-ray  analysis. 

Table  VI 


(U )  Typical  Emission  Spectroscopic  Analysis 
of  Reagent  Grade  Aluminum  Chloride 

Metal  Concentration,  ppm 


B 

<25 

Ca 

<250 

Cd 

<50 

Co 

<50 

Cu 

<25 

Cr 

<25 

Fe 

190 

Mg 

<59 

Mn 

<5 

Ni 

<25 

Pb 

48 

Si 

70 

Sn 

<50 

Ti 

<25 

V 

<50 

zrv 

<100 

Zr* 

<50 

(U)  The  lithium  aluminum  hydride  is  approximately  95# 
pure  as  determined  by  elemental  analysis.  The  insoluble  portion, 
which  is  removed  by  filtration,  contains  oxygen  as  determined  by 
neutron  activation  analysis .  It  is  believed  that  the  resulting 
lltnium  aluminum  hydride  solution  is  free  of  detrimental  impurities 
with  the  possible  exception  of  trace  amounts  of  LiCl. 

(U)  Mallinckrodt  diethyl  ether,  Grade  0848,  appears  to  be 
free  of  detrimental  impurities.  The  benzene  is  monitored  for  im¬ 
purities,  including  sulfur  (<5  ppm),  unsaturation,  and  aromatic 
and  aliphatic  compounds.  All  of  the  ether  and  benzene  is  distilled 
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from  lithium  aluminum  hydride  and  treated  with  molecular  sieves 
prior  to  use.  Impurity  build-up  in  the  recycle  benzene  is  sus¬ 
pected;  however,  efforts  to  isolate  and  identify  any  species  have 
failed  . 


(C )  It  is  known  that  soluble  chlorides  such  as  AICI3, 
LiCl,  AIH2CI,  etc,  will  inhibit  nucleation  and/or  initiate  decom¬ 
position.  The  effects  are  noted  when  the  feed  concentration  of 
soluble  chlorides  exceeds  0.001  M  (a  mole  ratio  of  1  Cl: 300  AIH3). 
Soluble  chlorides  are  removed  by  reaction  with  NaBH*  in  a  feed 
treatment  step. 

(C)  Contamination  from  air  (O2  and  H2O)  is  known  to 
affect  nucleation  and  stability  as  well  as  cause  phase  problems 
(AIH3-I717  and  AIH3-I563) .  The  clean-up  procedure  includes  the 
purging  of  all  equipment  prior  to  use  with  copious  amounts  of 
nitrogen  supplied  from  a  liquid  nitrogen  source.  Water  and  oxygen 
analyzers  are  used  to  monitor  the  concentrations  of  these  impuri¬ 
ties  in  the  ppm  range.  Cleaning  residues  which  can  remain  in  the 
crystallizer  include  hCl,  H2O,  etc.  The  cleaning  procedure  in¬ 
cludes  several  steps  to  minimize  residues. 


(C  )  The  catalytic  decomposition  of  aluminum  hydride  on 
the  vessel  walls  is  primarily  a  surface  phenomenon  and  may  be  re¬ 
lated  to  diffusion  of  impurities  to  and/or  into  the  surface  of 
the  vessel  wall.  A  treatment  of  tne  vessel  witn  lithium  aluminum 
hydride  has  significantly  reduces  tr.e  amount  of  tnis  type  of 
decomposition . 

(C)  Careful  observations  of  the  crystallization  system 
have  shown  a  residue  always  forms  in  the  distillation  column, 
condenser,  and  solvent  recovery  still.  In  addition,  a  flocculent 
solid  was  recently  recovered  from  the  recycle  benzene  storage 
tank.  Further  searching  revealed  a  solid  coating  on  the  packing 
in  the  solvent  recovery  column.  Elf  mental  analysis  of  a  sample 
recovered  from  the  column  showed  the  following  weight  percent: 

C,  6.5,  H,  2.2;  Al,  23.7;  B,  2.6;  1,1,  4.2;  C,  57.0,  giving  a  mate¬ 
rial  balance  of  98.2$.  This  material  is  known  to  be  detrimental 
tc  both  the  nucleation  and  thermal  stability  of  A1H3-1451.  How¬ 
ever,  it  is  not  known  how  this  material  is  formed  or  how  it  is 
carried  to  the  top  of  the  distillation  column  and  to  the  solvent 
tanks  . 

(6)  Cleaning  Procedure  (U ) 

(C)  The  cleaning  procedure  for  the  crystallizer  is  ex¬ 
tremely  critical  in  controlling  aluminum  hydride  decomposition 
during  processing.  The  procedure  is  time  consuming  and  detailed. 
It  consists  essentially  of  the  following  steps: 
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(i) 

Acidizing  with  a  5-6  wt .  %  solution  of  hydro¬ 
chloric  acid  at  elevated  temperatures . 

(il) 

Rinsing  thoroughly  with  distilled  water 
(condensate ) . 

(ill) 

Air  drying  at  elevated  temperatures  for  2-3 
hours  . 

(IV) 

Purging  with  gaseous  nitrogen  to  remove  air. 

(v) 

Benzene  distillation  to  azeotrope  the  re¬ 
maining  water. 

(Vi) 

Treatment  of  the  crystallizer  surface  with 
a  dilute  ether-benzene  Jolution  of  lithium 
aluminum  hydride. 

(U)  The  above  procedure  has  been  evolved  over  the  past 
18  months  and  is  now  the  standard  operating  procedure.  Various 
other  steps  such  as  HP  treatment,  ether  rinses,  acetone  rinses, 
etc.  have  be^n  evaluated  and  rejected.  Attempts  are  continually 
being  made  to  further  improve  solution  stability  by  Improving  the 
clean-up  procedure.  Techniques  to  reduce  the  time  required  for 

clean-up  were  investigated,  but  additional  work  is  required  in 
this  area. 

(C )  Treatment  of  the  aluminum  hydride  crystallizer  with 
a  dilute  solution  of  lithium  aluminum  hydride  in  an  ether  -  benzene 
solvent  system  has  been  demonstrated  to  effectively  control  alu¬ 
minum  hydride  decomposition  on  vessel  walls.  The  procedure  in¬ 
cludes  the  addition  of  a  small  amount  of  lithium  aluminum  hydride 
solution  to  the  crystallizer  containing  a  mixture  of  ether  and 
benzene.  The  solution  is  then  heated,  while  being  agitated,  and 
drained  to  the  spent  solvent  tank.  The  treatment  is  effective  in 
benzene,  but  solids  (L1A1H4  and/or  reaction  products)  precipitate 
and  are  difficult  to  remove.  The  concentration  of  lithium  aluminum 
hydride  in  the  crystallizer  based  on  the  total  volume  of  solvent 
present  has  been  varied  from  0.7-2. 5  mmolar.  The  treatment  is 
beneficial  at  the  low  concentration  but  is  not  as  effective  below 
about  1.0  mmolar.  The  treatment  time  has  been  varied  from  one-half 
to  two  hours  and  the  temperature  from  ambient  to  80°C  .  with  little 
change  in  effectiveness.  It  is  believed  the  LiAlH4  is  reacting 
with  impurities  in  the  pores  of  the  vessel  walls  and/or  with  the 
Heresite  surface,  thereby  passivating  the  surface.  This  treatment 
technique  is  being  further  evaluated  wi+h  the  PEP-lined  vessel. 

(7)  Product  Adhesion  (U ) 

(C )  Adhesion  of  A1H3-1451  vo  the  vessel  walls  of  the  crys¬ 
tallizer  remains  a  problem.  It  is  not  a  function  of  crystallizer 
design  or  degree  of  agitation  but  is  increased  by  the  presence  of 
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solid  lithium  aluminum  hydride.  The  adhesion  rate  to  Pfaudler 
glass  and  Heresite  increases  with  run  time  with  the  "point  of 
diminishing  return"  reached  in  3-5  hours  after  nucleation.  In  a 
recent  series  of  runs  (25)  in  the  Heresite  tubular  crystallizer, 
the  run  time  was  limited  to  3-4  hours  with  product  recovery  averaging 
50t60  wt.  fo .  Runs  under  the  same  conditions,  but  longer,  result  in 
significantly  lower  recovery. 

(C)  Laboratory  work,  detailed  in  Section  A.I.. ,  revealed 
that  product  adnesion  could  be  essentially  eliminated  by  using 
Teflon  FEP.  This  work  led  to  the  installation  of  the  nine-gallon 
FEP-lined  c:  ystallizer  discussed  earlier.  Adhesion  does  occur  in 
the  larger  scale  unit;  r.owever,  it  is  radically  ulfferent  from  that 
obtained  on  either  the  Pfaudler  glass  or  Heresite  surfaces.  The 
adhesion  occurs  in  the  form  of  "sheets"  of  crystals,  analyzed  by 
X-ray  diffraction  as  1CC$  A1H?-1451,  which  "flake"  after>  a  period 
of  time.  This  indicates  tnat  the  product  is  not  tightly  bound  to 
the  surface  as  is  the  case  in  both  the  Pfaudler  glass  and  Heresite 
unit3  .  A  water  spray  will  reT-ov°  most  of  the  coating  at  the  end 
of  a  run  wnereas  acidizing  is  required  in  the  other  units.  Based 
on  these  observations  and  laboratory  data  presented  in  Section  A.I., 
the  adhesion  may  be  a  function  of  crystallizer  design,  agitation, 
inner  wall  temperature  or  some  other  system  parameter. 

(C)  In  summary,  the  use  of  Teflon  FEP  is  a  significant 
step  in  the  right  direction.  Product  adhesion,  although  still 
present,  is  not  of  the  same  order  of  magnitude  and  u,ay  be  related 
to  operating  parameters  and/or  crystallizer  design.  In  addition, 
other  similar  materials  of  construction  should  be  evaluated.  Addi¬ 
tional  time  is  required  to  evaluate  these  alternatives  and  to 
develop  a  crystallizer  wnlch  can  be  operated  for  several  hours  at 
realistic  feed  rates  with  minimal  product  adhesion. 

(8)  Incorporation  of  Magnesium  ( U ) 

(C)  Magnesium  Is  routinely  incorporated  into  the  crystal 
lattice  of  Alh'3-l451  via  the  continuous  crystallizer  using  the 
solution  technique  developed  in  tne  laboratory.  The  doping  agent 
has  been  shown  to  be  the  complex  hydride,  LiMg(AlH4)3.  A  maximum 
magnesium  concentration  of  1.83  wt ,  $  has  be^n  incorporated.  The 
magnesium  yield  averages  nearly  101$,  i.e.,  essentially  all  the 
magnesium  added  to  tne  feed  solution  is  incorporated  into  the  AIH3- 
1451  lattice. 

(C )  The  early  runs  were  plagued  wltn  precipitation  of 
the  doping  agent,  Li.Hg(AlH4)3  during  crystallization,  particularly 
at  nucleation  where  the  etner  concentration  was  low.  This  has  been 
eliminate  i  by  increasing  the  concentration  of  the  additive  hydride, 
LiAlH4,  and  by  adding  LiB'^U  to  the  feed  solution, 

(C )  The  effect  of  the  magnesium  on  product  stability  re¬ 
mains  a  question.  Some  samples  show  improvement;  for  example,  run 
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loj  A  (1.10$  magnesium)  required  28  days  to  reich  1$  decomposition, 
while  others,  such  as  176  A  (i.l8$  magnesium),  decompose  more 
rapidly  than  the  normal  material.  Similar  abnormalities  exist  in 
the  non-magnesium-doped  samples.  The  average  normal  sample  re¬ 
quires  8  to  10  days  to  reach  the  1$  decomposition  level,  whereas 
154  A  required  19  days  to  reach  the  same  level  of  decomposition. 

(9)  Reaction  Stoichiometry  (U ) 

(U)  A  technique  ha3  been  developed  to  determine  the  exact 
stoichiometry  of  the  aluminum  chloride -15 thlum  aluminum  hydride  re¬ 
action  using  a  flame  photometric  method.  Details  of  the  experi¬ 
mental  work  and  the  procedure  are  presented  In  Section  A, 1,1,  This 
method  has  been  made  standard  operating  procedure  for  the  continuous 
crystallizer  runs. 


(10)  Post  Treatment  (U ) 

(C)  Selected  samples  have  been  treated  with  an  ether  solu¬ 
tion  of  d lphenylacetylene  (DPA)  using  techniques  developed  in  the 
laboratory  and  discussed  in  Section  A.l.  Results  are  too  prelimi¬ 
nary  to  draw  any  conclusions;  however,  based  on  laboratory  data, 
treatment  of  the  hydride  before  vacuum  drying  significantly  im¬ 
proves  product  stability. 

(11)  Production  (U ) 

(C)  A  goal  of  this  work  was  to  produce  samples  of  the 
best  possible  quality  AlH3-l4bl  for  complete  characterization. 
Difficulties  with  product  adhesion  have  slowed  production,  but 
pound  samples  have  been  supplied  to  selected  organizations. 

3.  FUNDAMENTAL  DECOMPOSITION  STUDIES  OP  ALUMINUM  HYDRIDE-1451  ( U ) 

(U)  Efforts  to  develop  a  sound  theoretical  explanation  for 
the  decomposition  of  aluminum  hydride  have  been  made  throughout 
the  past  year.  Tallani  data,  X-ray  data  the  theory  of  color 
development,  and  the  principles  of  solid  state  physics  have  been 
applied  to  this  problem  in  the  belief  that  a  better  understanding 
of  the  processes  will  lead  to  improved  methods  of  stabilizing 
A1H3-1451. 

1.  Mechanism  of  Decomposition  (U ) 

(U)  Previous  studies  suggest  that  the  decomposition  of  alu¬ 
minum  hyciride  should  be  interpreted  in  terms  of  a  three-stage 
process: 

(l)  The  initial  reaction  occurring  at  the  surface 
of  the  crystals, 
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(ii)  The  formation  of  stable  aluminum  nuclei, 

(iii)  The  reaction  occurring  at  the  interface  between 
the  A1H3-1451  and  the  aluminum  metal. 

The  last  two  processes,  nucleation  and  nuclei  growth,  are  inde¬ 
pendent  and  will  vary  with  time,  but  the  nucleation  process  is 
probably  tne  more  Important  if  the  thermal  stabilization  of  alu¬ 
minum  hydride  is  considered. 

(U)  Data  accumulated  from  various  decomposition  studies  sub¬ 
stantiate  the  belief  that  the  initiation  of  decomposition  occurs 
primarily  at  the  surface  of  the  hydride  crystals.  As  a  result, 
there  is  a  particular  interest  in  further  understanding  and  eluci¬ 
dating  the  mechanism  involved  in  the  first  stages  of  the  decom¬ 
position  process  . 

a.  The  Formation  of  Stable  Aluminum  Nuclei  in  the  Lattice  by 

Radiant  Energy  and  Electrical  Fields'  (IT) 

(U)  The  formation  of  stable  aluminum  nuclei  primarily  at  the 
surface  of  the  AIH3-IA51  lattice  is  believed  to  be  the  result  of  a 
three-step  process  as  follows: 

(i)  The  diffusion  of  a  non-equilibrium  concentration 
of  anion  vacancies  through  the  hydride  by  a 
vacancy  transfer  method  . 

(ii)  The  formation  of  "germ  nuclei"  by  capture  of 

electrons  by  the  vacancies  at  the  surface,  im¬ 
perfections,  or  grain  boundaries. 

(iii)  The  coalescence  of  "germ  nuclei"  to  form  active 
growth  nuclei. 

(U)  Closely  associated  with  tnese  phenomena  are  the  appearance 
of  color  in  aluminum  hydride  and  its  behavior  as  a  semi-conductor 
(4).  At  elevated  temperatures  it  usually  changes  to  an  off-white 
or  gray  after  only  a  few  tenths  of  a  percent  decomposition,  gradually 
changing  to  black  with  increasing  decomposition.  Ultraviolet  ir¬ 
radiation,  visible  light  irradiation,  electron  bombardment,  and 
gamma  irradiation  of  the  hydride  change  its  color  from  white  to 
light  brown  or  black. 

(U)  The  formation  of  color  centers  by  irradiation  is  Drobably 
due  to  a  displacement  of  the  elements  in  the  solid  lattice  from 
their  equilibrium  position;  this  gives  rise  to  an  electronic  im¬ 
balance  in  the  solid  and  results  in  an  excited  state  for  the  solid 
with  an  accompanying  loss  of  symmetry  of  the  bonding  electrons  in 
the  AlH3-l45i  lattice. 

(U)  Color  center  formation  is  a  function  of  the  thermodynamic 
temperature  and  susceptibility  of  the  solid  to  radiation  (5) .  The 
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thermodynamic  temperature  imparted  locally  to  A1H3-1451  by  irradia¬ 
tion  with  visible,  ultraviolet,  or  gamma-ray3,  could  easily  exceed 
60 °C .  which  is  probably  above  the  threshold  temperature  for  the 
onset  of  decomposition  of  the  hydride.  It  would  also  be  expected 
that  the  more  energetic  forms  of  radiation  would  increase  this 
excitation.  Although  no  quantitative  data  are  available,  qualita¬ 
tive  observations  indicate  that  ultraviolet  light  is  more  detri¬ 
mental  to  stability  than  visible  light,  and  that  once  the  electron 
in  the  solid  has  been  excited,  the  process  is  irreversible  except 
perhaps  at  low  temperatures  (-15°C)  over  a  long  period  of  time. 

After  excitation  and  attainment  of  more  freedom  by  the  electron, 
the  bonds  in  the  hydride  lattice  are  more  easily  broken. 

(U)  As  a  semi-conductor,  aluminum  hydride  possesses  two  bands, 
one  a  non-conducting  band  and  the  other  a  conduction  band.  At  a 
given  temperature  the  movement  of  electrons  between  the  two  bands 
is  a  steady  state  exchange.  This  equilibrium  is  changed  by  the 
presence  of  an  electrical  field,  since  electrons  in  the  conduction 
band  will  couple  with  the  electrical  field,  and  the  probability  of 
their  falling  back  to  the  non-conducting  band  is  reduced,  while 
motion  in  the  reverse  direction  is  unaffected. 

(U)  An  Indication  that  the  above  process  is  operative  is  shown 
by  the  effect  of  an  electrical  field  on  the  thermal  stability  of 
AIH3-I45I  at  elevated  temperatures.  Figure  1J>  illustrates  the  re¬ 
duction  in  the  length  of  the  induction  period  of  materials  placed 
between  an  electrical  field  at  100°C  .  The  presence  of  an  electrical 
field  Increases  the  number  of  electrons  in  the  conduction  band  to  a 
value  above  that  normally  found  at  that  temperature.  This  over¬ 
population  of  electrons  in  the  conduction  band,  whether  placed  there 
by  an  electrical  field  or  electromagnetic  radiation,  adds  energy 
to  the  lattice  and  promotes  a  metastable  condition  conducive  to 
initiating  decomposition  of  the  hydride.  This  factor  alone  would 
probably  not  be  enough  to  give  rise  to  the  decomposition  of  AIH3- 
1451,  but  in  combination  with  its  thermodynamic  instability  and  the 
unsymmetrlcal  situation  existing  at  the  surface  of  the  hydride,  it 
does  become  very  important. 

b.  Decomposition  of  Aluminum  Hydride-1451  by  the  Loss  of  Surface  - 

Terminated  Hydrogens  (XT) 

(U)  A  more  complete  understanding  of  the  crystal  structure  of 
AIH3-I45I  has  led  to  a  critical  examination  of  the  structure  and 
bonding  which  exist  at  the  surface  of  the  hydride.  If  the  mechanisms 
by  which  surface  decomposition  is  initiated  and  continues  to  progress 
are  understood,  it  should  be  possible  to  eliminate  or  greatly  reduce 
the  rate  of  decomposition  of  the  hydride. 

(U)  TheAlH3-l451  structure  is  a  completely  hydrogen-bridged 
three-dimensional  network  with  aluminum  atoms  equidistant  from  each 
other  at  the  points  of  a  rhombohedral  lattice  and  octahedrally  bonded 
to  six  hydrogens.  The  latter  are  located  off-center  of  the  cell 
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edges.  This  configuration  represents  an  "electron  deficient" 
molecule,  since  there  are  more  usable  atomic  orbits  available  than 
there  are  electrons  to  fill  them.  The  result  is  a  structure  of 
three-centered,  hydrogen-bridged  bonds  which  consist  of  three 
orbitals  occupied  by  two  electrons  in  a  manner  similar  to  the 
hydrogen-bridged  bonds  in  diborane.  For  purposes  of  accounting 
each  hydrogen  is  assumed  to  contribute  one  electron,  and  each  alu¬ 
minum  one-half  electron  to  the  orbital. 

(U)  In  addition  to  the  bridged  hydrogens  which  make  up  the  bulk 
of  the  structure,  there  are  terminal  hydrogens  at  the  surface.  The 
bond  in  this  case  is  a  "normal"  localized  sigma  bond  with  aluminum 
and  hydrogen  each  contributing  one  electron  to  the  orbital. 

(U)  The  initial  decomposition  reaction  involving  los3  of 
hydrogen  at  the  surface  can  be  initiated  by  two  reactions: 

2-{-Al  *H ’Al-j-  -  2-fAl  •  Al-)-  +  Ha  t  (l) 

-fA  1  •  H  ■  A 1 : H-f  -  4A1  :A1-)-  +  H2  (2) 

The  first  reaction  denotes  decomposition  by  1oss  of  hydrogen  from 
two  adjacent  hydrogen -bridges ;  the  second  results  from  reaction 
between  a  surface  terminal  hydrogen  and  a  hydrogen  bridge. 

(U)  Both  reactions  create  anion  vacancies  which  subsequently 
lead  to  active  growth  nuclei  and  further  decomposition.  In  addi¬ 
tion,  a  resonance  effect,  shown  in  Equation  (3),  which  results  from 
two  aluminum  atoms  sharing  one  electron.  Equation  (l),  probably 
contributes  to  the  formation  of  color. 

Al"  +  Alg  a  AlJ  +  Alg  (3) 

(U)  The  loss  of  hydrogen  from  the  surface  at  highly  exposed 
areas  such  as  corners  and  fissures  destroys  the  AlHj-1451  lattice 
and  changes  the  bonding  of  the  aluminum  atoms.  As  a  result,  there 
is  a  shift  in  the  electron  density  of  the  aluminum  and  hydrogen 
atoms.  The  hydrogen  in  the  surface  plane  will  move  up  and  out  of 
the  plane  to  produce  a  sawtooth  effect,  as  shown  below,  to  compensate 
for  the  Initial  loss  of  hydrogen. 

,Hn  ,.Hn  ,Hn  ,Hs 
Al  Al  Al  Al  Al 

(U)  These  hydrogens  are  now  less  stable  than  those  in  the 
interior  of  the  crystal  and  consequently  may  also  be  released  as 
molecular  hydrogen.  The  result  is  a  slow  loss  of  hydrogen  at 
first  (the  Initiation  period)  followed  by  an  acceleration  of  decom¬ 
position  as  the  stable  nuclei  formed  during  the  induction  period 
continue  to  grow. 
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(U)  These  theoretical  considerations  of  surface  structure  and 
bonding  explain  why  surface  treatments  can  reduce  the  rate  of  decom¬ 
position.  This  result  is  probably  achieved  by  providing: 

(i)  A  more  stable  bonding  situation  for  the  orbitals 
of  the  aluminum  at  the  surface. 

(ii)  A  reduction  in  the  aluminum  and  especially  hydro¬ 
gen  mobility  at  the  surface  resulting  in  a  reduc¬ 
tion  in  crystal  stress. 

(iii).  An  electron  sink  by  tying  up  the  electrons  freed 
by  loss  of  hydrogen. 

2.  Magnesium  Stabilization  (U) 

(C)  The  incorporation  of  magnesium  into  the  crystal  lattice 
of  A1H3-1451  made  by  the  batch  process  was  found  to  significantly 
reduce  the  decomposition  rate,  although  the  type  of  solid  solution 
formed  was  not  known.  More  recently,  however,  it  has  been  found 
that  the  effectiveness  of  magnesium  stabilization  also  depends  on 
the  process  used  for  making  the  hydride,  and  this  has  led  to  a  more 
thorough  study  of  the  location  and  probable  effect  of  magnesium  in 
the  aluminum  hydride-1451  crystal  lattice. 

a.  Location  of  Magnesium  in  the  Hydride  Lattice  (U) 

(C)  X-Ray  diffraction  patterns  of  magnesium-doped  hydride 
show  no  new  lines,  but  do  Indicate  a  unit  cell  expansion  which  is 
proportional  to  the  magnesium  concentration.  The  absence  of  any 
new  lines,  which  would  be  characteristic  of  the  formation  of  a 
super-lattice  or  precipitation  of  a  new  phase,  suggests  the  mag¬ 
nesium  is  randomly  incorporated  into  the  lattice. 

(C)  Density  measurements  of  magnes ium -doped  hydride  have  re¬ 
sulted  in  the  location  of  magnesium  in  the  hydride  lattice.  The 
density  of  a  series  of  pilot  plant  samples  containing  varying  con¬ 
centrations  of  magnesium  was  measured  by  a  helium  densitometer. 

The  measured  densities  were  found  to  decrease  as  magnesium  concen¬ 
tration  increased  as  shown  in  Figure  14  and  Table  VII. 

(C)  Comparison  of  the  calculated  theoretical  density  with  the 
measured  density  Indicates  that  magnesium  forms  a  substitutional 
solid  solution.  The  measured  and  calculated  densities  and  unit 
cell  dimensions  for  each  sample  evaluated  are  given  in  Table  VIII. 

(U)  The  following  formula  was  used  to  calculate  the  theoretical 
density. 
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D  =  Density 

n  =  Number  of  moles  per  unit  cen 

M  =  Molecular  weight 

A  =  Avogadro's  number 

V  =  Volume  of  unit  cell  (A2c  /~5/2 
for  hexagonal  system) 

A  density  of  1.477  was  measured  for  the  macrocrystalline  sample 
compared  to  1.4768  g./cc.  calculated  using  the  above  formula  and 
measured  unit  cell  dimensions  glvm  in  Table  VIII. 

Table  VII 

( u)  Summary  of  Density  Measurements  of  Pilot  Plant  Samples 


Sample  Number 

Wt.  %  Mg 

Measured  Density,  g./c 

c  . 

02025A 

None 

1.477 

04035A 

None 

1.473 

QX  018 

0.41 

1.468 

01286 

0.48 

1.468 

QX  019 

0.51 

1.471 

01206 

0.63 

1.455 

01216 

O.67 

1.469 

01316 

0.81 

1.472 

05106 

1.26 

1.463 

05066 

1.62 

1.460 

05195A 

1.70 

1.462 

05136 

1.71 

1.458 

Table 

vm 

(u) 

Comparison  of  Theoretical  and  Measured  Densities 

Density,  g./cc. 

Theoretical 

Cell  Dimensions,  a 

Substitu¬ 

Inter¬ 

Ifydride  Type 

a 

c 

tional 

stitial  Normal 

Measured 

Macrocrystal¬ 

line 

4.4493  ± 
0.005 

11.8037  ± 

0.0024 

1.4768 

1.477 

Magnesium- 
doped  (1.62$ 

Mg) 

4.4609  ± 
0.005 

11.8428  ± 
0.0016 

1.46!7 
1.46  07 

1.4884 

1.4904a 

1.460 

g 

Corrected  for  valence. 
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(C)  The  theoretical  density  of  the  solid  solution  formed  by 
the  addition  of  magnesium  was  calculated  assuming: 

(i)  The  magnesium  is  substituting  at  random  for  an 
aluminum  atom  in  the  crystal  lattice  forming  a 
substitutional  solid  solution. 

(ii)  The  magnesium  is  accommodated  in  the  inter¬ 
stices  between  the  aluminum  atoms  forming  an 
interstitial  solid  solution. 

(C)  Because  no  information  is  available  to  indicate  mainte¬ 
nance  of  crystal  neutrality  when  doping  the  crystal  with  magnesium, 
the  densities  were  calculated  by  two  different  methods: 

(i)  Ignoring  crystal  neutrality,  and 

(ii)  Correcting  the  hydrogen  value  for  the  amount 
of  magnesium  present. 

The  differences  in  density  resulting  from  the  valency  correction 
are  small  as  shown  in  Table  VIII. 

(C)  A  comparison  of  the  measured  value  (l.46o  g./cc.)  with 
the  calculated  densities  assuming  substitution  (l.4§17  and  1,4607 
g./cc)  or  interstitial  (1.4884  and  1.4904  g./cc.)  magnesium  place¬ 
ment  indicates  the  magnesium-doped  lattice  represents  a  substitu¬ 
tional  solid  solution  phase.  Excellent  agreement  was  obtained 
between  density  and  magnesium  concentration  as  shown  in  Figure  14 . 
The  density  of  samples  prepared  by  different  processing  techniques 
was  also  determined.  Table  IX  summarizes  the  measured  and  calcu¬ 
lated  density  values  for  several  lots.  The  density  of  the  samples 
containing  magnesium  was  calculated  on  the  assumption  that  the 
magnesium  Is  forming  a  substitutional  solid  solution.  The  good 
agreement  between  measured  and  calculated  density  values  does  show 
the  magnesium  Is  entering  the  lattice  substitutionally ,  regardless 
of  the  processing  technique  used  to  prepare  the  material.  There¬ 
fore,  other  factors  must  be  responsible  for  the  observed  differences 
In  thermal  stability  noted  in  Section  A.l.b. 

b.  Process  Effects  (U ) 

(C)  The  incorporation  of  magnesium  into  the  crystal  lattice 
of  A1H3-1451  has  been  shown  to  significantly  reduce  the  rate  of 
decomposition.  However,  recent  data  indicate  that  the  role  mag¬ 
nesium  plays  in  the  stabilization  of  the  hydride  is  much  more  com¬ 
plex  than  originally  thought. 

(c)  It  is  now  known,  as  a  result  of  process  studies,  that 
incorporation  of  magnesium,  per  se,  Is  not  sufficient  to  guarantee 
stabilization  of  the  hydride.  The  effect  of  process  changes  on 
stability  is  discussed  in  detail  In  Section  A.l.b.  These  studies 
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have  shown  che  macroproperties,  such  as  lattice  expansion,  mag¬ 
nesium  concentration,  particle  size,  chloride  content,  etc.,  are 
not  sufficient  to  predict  stabilization. 

Table  IX 


(U )  Effect  of  Preparative  Method  on  Magnesium  Incorporation 


Preparative  Density 


Sample  No . 

Method 

%  Mg 

Meas . 

C  a  lc  d  . 

Diff . 

04035A 

Pilot  Plant 

None 

1.473 

1.4758 

0.0028 

051C6 

Pilot  Plant 

1 .26 

1.463 

1.4629 

0.0001 

05136 

Pilot  Plant 

1.71 

1.458 

1.4611 

0.0031 

05195A 

Pilot  Plant 

1.70 

1.462 

1.4637 

0.0017 

9974 -19B 

Lab  Batch 

None 

1.442 

1.4766 

0.0346 

9974-19C 

Lab  Continuous 

None 

1 .466 

1.4767 

0.0107 

9569-I6-I 

Lab  Batch 

1.92 

1 .461 

1.4577 

0.0033 

655-166AB 

Mini-plant 

1.83 

1.456 

1.4610 

0.0050 

Continuous 


(C)  It  has  been  shown  by  many  different  techniques  that  the 
aecompos ltlon  of  the  hydride  occurs  predominantly  at  the  surface. 
The  lengthening  of  the  Induction  period  or  stabilization  caused  by 
the  incorporation  of  magnesium  should,  therefore,  be  considered  in 
terms  of  changes  whicn  occur  at  the  surface  of  the  hydride  due 
to  the  Incorporation  of  magnesium.  It  is  known  from  structure 
studies  of  AlH3-l451  that  different  crystal  planes  (faces)  will 
possess  different  populations  of  aluminum  and  hydrogen  atoms  at 
the  surface.  It  may  be  possible  that  magnesium  incorporation  must 
be  accompanied  by  certain  crystal  faces  In  order  to  cause  stabili¬ 
zation  of  the  hydride  . 

(C)  Assuming  this  hypothesis  is  correct,  a  change  in  prepara¬ 
tive  process  could  easily  change  the  morphology  of  the  A1H3-1451 
crystals.  Hence,  stabilization  is  not  observed  in  the  laboratory 
continuous  crystallization  process,  even  though  magnesium  is  in¬ 
corporated,  because  the  crystal  faces  represent  different  planes 
of  atoms  . 

(C )  Depending  upon  which  crystal  face  is  present,  surface 
terminal  hydrogens  may  be  exposed,  and,  when  lost,  contribute  to 
the  initiation  of  decomposition.  Incorporation  of  magnesium, 
since  it  could  participate  in  only  a  maximum  of  four  three -centered 
bonds,  could  very  easily  prevent  exposing  these  terminal  hydrogens 
at  the  surface.  This  viewpoint  would  then  aid  in  explaining  the 
beneficial  effect  of  adding  magnesium  substitutionally  to  the 
hydride  lattice. 
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(C )  The  "aging"  phenomenon  associated  with  magnesium-doped 
hydride  as  discussed  in  Section  B.2.b.  also  appears  to  be  related 
to  surface  conditions.  All  of  these  studies  have  generated  data 
which  strongly  suggest  that  magnesium  stabilization,  although 
primarily  an  intramolecular  change,  should  be  considered  a  surface 
phenomenon . 

3 .  Stabilization  of  Aluminum  Hydride -1451  by  Surface  Treatment 

with  Dlphenylacetylene  (DPA)  (C~} 

(c)  A  number  of  compounds  containing  phenyl  groups  were 
screened  to  establish  their  effectiveness  as  stabilizers  for  AIH3- 
14 51 ;  of  these,  dlphenylacetylene  (DPA)  was  found  to  be  the  most 
effective  . 

a.  Initial  Studies  of  DPA  Treatment  (U ) 

(C)  Work  during  the  first  part  of  the  year  consisted  of  treating 
AIH3-I451  samples  with  DPA  and  determining  their  increase  in  thermal 
stability  by  the  Talianl  method .  The  favorable  results  obtained 
from  these  experiments  led  to  a  thorough  investigation  of  process 
parameters  to  find  conditions  which  produced  maximum  stability. 

(c)  The  first  samples  tested  were  a  50-50  wt .  $  mixture  of 
AIH3 -1451  and  DPA.  A  magnesium-doped  hydride  sample  (1.65$)  re¬ 
quired  115  days  at  6o°C.  to  reach  1$  decomposition,  compared  to  29 
days  for  the  reference  under  the  same  conditions;  thus,  a  3.5-fold 
improvement  in  thermal  stability  was  attained.  The  same  sample  at 
10G°C  .  decomposed  only  10$  in  the  first  25  days  and  only  2.2$  in 
the  next  85  days.  The  presence  of  AIH3-I451  in  the  sample  which 
remained  was  confirmed  by  X-ray  analysis.  These  results  clearly 
indicated  the  DPA  was  an  effective  stabilizer,  and  more  practical 
means  of  treatment  were  explored. 

(U)  Refinements  in  the  procedure  included  the  use  of  a  pres¬ 
sure  transducer  instead  of  a  r?rcury  manometer,  thereby  eliminating 
any  detrimental  effect  due  to  mercury,  and  the  use  of  a  wash  treat¬ 
ment  technique  which  produced  uniform  low  concentrations  of  DPA  on 
the  surface  of  the  hydride  crystals. 

(C )  The  treatment  of  magnesium -doped  AIH3-I45I  with  DPA  was 
more  effective  than  when  applied  to  conventional  A1H3-1451,  and 
even  greater  increases  in  stability  resulted  from  DPA  treatment  of 
the  sample  p 'ior  to  recovery  and  drying.  This  latter  technique  is 
referred  to  in  the  remainder  of  the  report  as  in  situ  treatment. 

(C)  Figure  15  shows  the  Increase  in  stability  realized  by 
the  in  s ltu  DPA  treatment  of  typical  conventional  and  magnesium- 
doped  hydride  samples  made  by  the  batch  process.  The  conventional 
samples  show  approximately  a  twofold  improvement  while  the  magnesium- 
doped  hydride  shows  a  fourfold  increase  In  the  time  required  to 
reach  1$  decomposition  at  6o°C.  The  elemental  analysis  of  these 
two  samples  is  given  in  Table  X. 
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(C) 


Elements  1 

Analysis  of  DPA -Treated 

Aluminum  Hydride-1451 

%  Composition 

ilement 

Normal  Mg -Dope  J 

C 

2.9  1.3 

H 

10.0  9-9 

A1 

86.2  85.8 

Mg 

1.7 

Cl 

0.3  0.5 

Li 

0.2  0.5 

b.  Process  Parameters  Influencing  Stabilization  of  Aluminum 

Hydride -1451  by  DPA  {c) 

(C )  The  initial  work:  proved  conclusively  that  when  batch  alu¬ 
minum  hydride-1451  was  surface  treated  with  d iphenylacetylene  (DPA) 
tt3  thermal  stability  was  greatly  improved.  The  next  phase  of  the 
work  consisted  of  defining  limits  and  developing  methods  and  tech¬ 
niques  for  acquiring  maximum  stabilization  of  the  hydride  with  DPA. 

(l)  Coating  Techn' ques  (U ) 

(C)  Experiments  with  different  concentrations  of  DPA  In 
the  benzene  wash  solution  showed  that  no  appreciable  increase  in 
the  thermal  stability  of  standard  A1H3-1451  was  obtained  with  50 
mg.  of  DPA/250  ml  of  benzene.  When  the  concentration  was  in¬ 
creased  fivefold  to  250  mg.  of  DPA/250  ml.  of  benzene,  a  signifi¬ 
cant  improvement  in  thermal  stability  resulted,  the  samples  re¬ 
quiring  8  to  20  days  oefore  reaching  1%  decomposition  at  6o°C. 

(C)  A  study  was  also  made  to  determine  the  optimum  con¬ 
centration  of  DPA  necessary  for  stabilization  of  AlH3-l451.  Sam¬ 
ples  of  normal  and  magnesium-doped  AlH3-l451  were  washed  with 
4.47,  3.12,  1.78,  and  0.4^5  g.  of  DPA/250  ml.  of  benzene.  The 
results,  illustrated  in  Figure  16,  show  the  wt .  %  carbon  or  DPA 
concentration  on  the  surface  of  the  hydride  increases  as  the  con¬ 
centration  of  the  wash  solution  Increases.  Hence,  the  method  is 
applicable  for  control  of  the  concentration  of  DPA  placed  on  the 
surface.  By  using  this  technique  there  is  very  little  change  in 
the  physical  characteristics  of  the  hydride  except  for  perhaps  a 
slight  change  in  color  and  flow  characteristics.  The  relationship 
between  wt .  %  carbon  and  concentration  of  the  DPA  wash  solution, 
shown  in  Figure  16,  is  generally  true  for  both  normal  and  magnesium- 
doped  hydride  lots,  although  it  has  been  noted  that  magnesium-doped 
hydride  tends  to  remove  a  little  less  of  the  DPA  f  1  om  solution. 
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(C )  The  same  wash  solutions  were  also  used  again  without 
additional  treatment  to  determine  if  the  wash  solution  could  be 
reused.  The  results  obtained  from  a  series  of  samples  using  the 
same  wash  solutions  a  second  time  is  also  shown  in  Figure  lo  . 

There  was  a  tendency  to  deposit  less  DPA  on  the  surface  of  the 
hydride  the  second  time  as  would  be  expected,  if  the  concentration 
of  the  solution  had  decreased  as  a  result  of  the  amount  removed 
during  the  first  wash.  Therefore,  it  appears  probable  that  a  DPA 
wash  solution  can  be  used  several  times  if  additional  DPA  is  added 
to  make  up  for  the  amount  removed  due  to  the  prior  wash.  The 
coating  technique  described  above,  however,  has  not  been  satisfactory 
in  treating  product  prepared  by  the  continuous  process  as  discussed 
in  Section  A  .  1  ,c  . 

(c)  The  relationship  between  stability,  in  days  to  reach 
1#  decomposition  at  6o°C.,  and  percent  DPA  is  plotted  in  Figure  17 . 
This  relationship  indicates  that  the  most  useful  concentration  of 
DPA  on  the  surface  of  the  hydride  is  probably  between  1.0#  and 
2.5#.  However,  the  DPA  has  a  definite  tendency  to  sublime  away 
from  the  surface  of  the  hydride  at  accelerated  test  temperatures 
suggesting  that  concentrations  much  lower  than  these  may  suffice 
at  ambient  temperature.  The  higher  concentrations  of  DPA  gave 
only  marginal  improvements  in  stability.  The  optimum  concentration 
of  DPA  in  a  wash-treatment  solution  appears  to  be  one  containing 
2.5  g.  of  DPA/250  ml.  of  benzene. 

(C )  The  same  lot  of  magnesium-doped  material  was  surface 
hydrolyzed  0.1#  prior  to  DPA  treatment.  As  illustrated  in  Figure 
17,  the  hydrolyzed  magnesium-doped  sample  did  not  respond  to  DPA 
treatment  nearly  as  well  as  the  original  magnesium -doped  lot.  Much 
larger  concentrations  of  DPA  were  necessary  to  obtain  the  same 
degree  of  stabilization.  Therefore,  it  appears  that  the  condition 
of  the  hydride  surface  is  important  prior  to  DPA  treatment.  Data 
also  obtained  from  a  magnesium -doped  AIH3-IA5I  sample  (1.73#  Mg), 
which  was  washed  with  a  solution  of  2  g.  of  DPA/250  ml.  of  benzene 
immediately  after  preparation  and  before  drying,  produced  a  very 
stable  sample,  requiring  51  days  to  reach  1#  decomposition  at  6o°C., 
as  shown  in  Figure  15.  Additional  experiments  with  the  in  situ 
technique  confirmed  the  above  results  (Figure  18).  The  magnesium- 
doped  hydride  usually  exhibited  a  reproducible  fourfold  Increase 
in  stability  over  the  untreated  material  and  demonstrated  excellent 
stability  in  propellant  formulations  (see  Section  e) •  In  contrast, 
samples  treated  after  recovery  and  drying  generally  showed  only  a 
twofold  improvement  in  thermal  stability,  and  essentially  no  im¬ 
provement  in  propellant  formulations  (see  Section  2) • 

(c)  These  data  suggest  that  optimum  stabilization  is 
probably  obtained  from  DPA  treatment  of  the  hydride  prior  to  re  - 
covery  and  drying  from  the  crystallizing  solution.  This  seems 
logical  since  an  aluminum  okide  coating  on  the  surface  of  the 
hydride  could  act  as  a  barrier  between  the  surface,  where  decom¬ 
position  initiates,  and  the  DPA  stabilizer. 
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(C )  Fig.  17  -  Relationship  between  Stabilization  and  Weight 
Percent  DPA  for  Magnesium-Doped  and  Surface  Hydrolyzed 
Magnesium -Doped  Aluminum  Hydride -1451  after  Preparation 
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(c)  An  evaluation  of  the  same  sample  at  100°C.,  however, 
exhibited  very  little  improvement  in  thermal  stability.  This  sug¬ 
gests  that  either  larger  quantities  of  DPA  are  necessary  to  sta¬ 
bilize  the  material  at  higher  temperatures  or  the  small  amounts 
of  DPA  present  quickly  sublime  or  vaporize  away  from  the  surface 
of  the  hydride  resulting  in  loss  of  stabilization. 

(C )  The  DPA  treatment  of  two  standard  AlH3-l451  samples 
at  25°C .  and  80°C  .  did  not  result  in  any  difference  in  thermal 
stability,  and  from  this  experiment  it  wa3  concluded  that  treat¬ 
ment  temperature  was  not  an  important  factor. 

(2)  Loss  of  DPA  by  Sublimation  (U ) 

(C)  Examination  of  eight  different  lots  of  hydride  has 
confirmed  original  observations  suggesting  that  1-2  wt.  $  DPA  is 
necessary  for  the  stabilization  of  AlH3-l451.  However,  observa¬ 
tion  of  samples  on  test  has  shown  that  the  DPA  often  sublimes 
away  from  the  surface  of  the  hydride,  condensing  on  the  cooler 
parts  of  the  accelerated  test  apparatus.  DPA  melts  at  57°C.  to 
63.5°C.,  depending  upon  purity,  and  can  have  an  appreciable  vapor 
pressure  at  60°C  .  At  lower  temperatures  this  is  not  expected  to 
be  a  problem. 

(C)  The  resublimed  crystals  mentioned  above  have  been 
identified  as  DPA  by  X-ray  diffraction  analysis.  The  effectiveness 
of  DPA  cannot  be  definitely  established  because  the  elevated  tem¬ 
peratures  used  for  accelerated  testing  of  the  thermal  stability 
of  A1H3-1451  are  also  sufficient  to  sublime  the  stabilizer  away 
from  the  hydride  surface.  Hence,  further  investigation  of  this 
problem  appeared  necessary.  The  decomposition  rates  measured  py 
a  pressure  transducer  from  DPA-treated  samples  at  6o°C.  under 
vacuum  are  greater  than  those  obtained  under  an  atmosphere  of 
nitrogen  as  shown  in  Figure  19 .  These  differences  in  decomposi¬ 
tion  rates  are  attributed  to  the  differences  in  rate  of  DPA  sub¬ 
limation  away  from  the  hydride  surface.  Elemental  analysis  of 
DPA-treated  AlH3-l451,  before  and  after  testing,  has  also  indi¬ 
cated  an  appreciable  reduction  in  carbon  content  during  testing. 
Twenty-seven  samples  of  AlH3-l451,  which  possessed  a  carbon  concen¬ 
tration  before  testing  ranging  from  0.5-2. 4$,  were  found  to  con¬ 
tain  an  average  content  of  0.54$  with  a  standard  deviation  of  0.12$ 
after  testing.  A  slight  correlation  seems  to  exi3t  between  the 
amount  of  DPA  initially  present  and  the  amount  present  after 
testing,  as  the  samples  with  higher  Initial  carbon  values,  as  a 
rule,  gave  higher  final  carbon  values. 

(C)  Laboratory  samples  in  situ  treated  with  DPA  and 
evaluated  at  6o°C  .  reached  1$  decomposition  in  approximately  50- 
60  days.  If  a  50-50  wt .  $  mixture  of  A1H3-1451  and  DPA  is  used, 
the  hydride  will  require  more  than  100  days  to  reach  1$  decomposi¬ 
tion.  This  suggests  that  if,  the  DPA  did  not  sublime  away  from 
the  surface  of  the  hydride  during  accelerated  testing  at  60°C., 
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ig .  19  -  Effect  of  Vacuum  verisus  Nitrogen  on  Decomposition 
Bate  of  a  DPA-Treated  Sample  of  Aluminum  Hydride-1451 


greater  stabilities  would  perhaps  be  observed  from  the  samples 
with  a  maximum  possible  stability  being  near  100  days.  Hence, 
the  fugacity  of  DPA  may  be  the  controlling  factor  in  the  stabili¬ 
zation  of  A1H3-1451  at  elevated  temperatures. 

(3)  Attempts  to  Reduce  Sublimation  Rate  (U ) 

(a)  Reduction  in  Test  Temperature  (U ) 

(U)  There  is  often  a  marked  difference  in  sublimation 
rate  as  a  material  changes  state  from  liquid  to  solid.  On  this 
basis,  it  was  decided  to  evaluate  DPA-treated  hydride  at  a  tem¬ 
perature  below  its  melting  point  of  57°-63-5°C. 

(C)  To  determine  if  the  effectiveness  of  the  DPA-treated 
material  increased  as  the  temperature  decreased,  two  other  hydride 
lots  were  evaluated  for  comparison  purposes.  They  were  a  normal 
macrocrystalline  sample  (02025A),  and  an  "aged"  magnesium-doped 
sample  (8262-1031-15)-  The  temperature  of  50°C.  was  chosen  in  an 
effort  to  obtain  data  as  quickly  as  possible. 

(C)  Figure  20  shows  the  decomposition  rate  measured  at 
60 °C .  for  the  three  different  lots.  The  in  situ  DPA-treated  pilot 
plant  sample  exhibited  a  stability  intermediate  between  the  normal 
macrocrystalline  and  the  "aged"  magnesium-doped  material.  The 
results  obtained  from  evaluation  of  these  three  lots  of  hydride 
at  50 °C .  are  depicted  in  Figure  21.  The  relative  stability  of  the 
three  samples  did  not  change.  Hence,  it  is  concluded  that  a  reduc 
tion  of  10°C  .  in  test  temperature  to  below  the  melting  point  of 
DPA  did  not  increase  the  effectiveness  of  the  DPA. 

(b)  Pelletized  DPA-Treated  Material  (U) 

(C)  Another  attempt  at  reducing  the  rate  of  sublimation 
of  the  DPA  was  by  pelletizing  the  AIH3-I451.  The  DPA-treated  hy¬ 
dride  was  pelletized  using  0.1%  DPA  as  binder  and  an  infrared  lamp 
to  melt  the  DPA.  Evaluation  of  the  1/4"  pellets  indicated  only  a 
6  to  7  day  increase  in  stability  at  6o°C  .  compared  to  the  standard 
(19  days  to  1$  decomposition).  This  Increase  could  be  accounted 
for  by  the  increased  concentration  of  DPA  present.  Extremely 
large  platelets  of  DPA  crystals  were  still  observed  to  form  on  the 
cooler  parts  of  the  apparatus  indicating  sublimation  was  still 
occurring  at  a  substantial  rate. 

4.  Mechanism  of  DPA  Stabilization  (U) 

(C)  Having  conclusively  shown  that  DPA  stabilizes  AlH3-l451 
particularly  by  the  _in  situ  treatment  of  the  hydride,  it  was  neces 
sary  to  investigate  the  mechanism  of  stabilization.  Experiments 
were  therefore  designed  to  determine  if  the  improvement  in  sta¬ 
bility  was  due  to  a  chemical  reaction,  chemical  adsorption,  and/or 
physical  adsorption. 
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(C)  The  most  likely  reaction  to  occur  would  be  the  addi¬ 
tion  of  aluminum  hydride  across  the  triple  bond  of  DPA .  This  could 
proceed  in  a  stepwise  manner  until  all  the  hydrogens  are  reacted 
as  shown  in  the  following  equation: 


3  <S>-C3C-©  +  A1H3 


A1 


0  H 
-C=€ 


3 


(C )  The  reactivity  of  aluminum  hydride  with  diphenyl- 
acetylene  in  solution  was  examined  to  determine  if  this  reaction 
takes  place.  If  no  reaction  occurred  betweeen  the  two  solutions, 
it  would  be  very  strong  evidence  that  the  DPA  would  not  react  with 
the  less  reactive  form  of  aluminum  hydride,  A1H3-1451.  No  visible 
reaction  was  observed  when  two  millimoles  of  AIH3  were  added  to 
six  millimoles  of  DPA  in  75  ml.  of  diethyl  ether.  After  removing 
the  solvent  at  a  reduced  pressure,  X-ray  analysis  of  the  remaining 
solid  shewed  only  DPA  to  be  present.  The  solid  showed  hydride 
activity  with  water,  indicating  the  presence  of  unreacted  aluminum 
hydride.  It  was  concluded  from  the  above  results  that  the  solid 
product  consisted  of  a  mixture  of  DPA  and  aluminum  hydride,  and 
that  no  reaction  had  occurred.  This  result  is  supported  by  the 
work  of  Smith  et  al.  (6),  who  found  no  evidence  for  the  reduction 
of  the  triple  bond  in  hexyne-1  by  lithium  aluminum  hydride  at  room 
temperatures.  These  data  do  not  rule  out  the  possibility  of  a 
reaction  during  decomposition,  where  extremely  reactive  radicals 
may  be  generated,  but  do  show  that  the  stabilization  is  not  a  re¬ 
sult  of  an  initial  reaction  between  the  two  materials. 

(C)  The  possibility  that  stabilization  of  AlH3-l451  occurs 
by  either  chem-adsorption  and/or  by  the  deposition  of  a  thin  layer 
of  DPA  in  intimate  contact  with  the  AlH3-l451  crystals  was  studied. 
Ten  grams  of  Lot  No.  QX  020  magnesium-doped  AlH3-l451,  obtained  from 
the  Dow  Pilot  Plant,  was  washed  with  a  solution  containing  5  g.  of 
DPA  in  250  ml.  of  benzene.  After  drying,  a  portion  of  the  sample 
was  analyzed  for  carbon  content  to  determine  the  amount  of  DPA  re¬ 
maining  on  the  A1H3-1451  and  was  examined  at  6o°C.  on  the  Taliani 
to  determine  its  stability. 

(c)  The  remainder  of  the  DPA-treated  AlH3-l451  was  washed 
with  100  ml.  of  fresh  benzene  to  determine  the  quantity  of  DPA  re¬ 
moved  by  a  single  solvent  wash.  The  same  analyses  as  for  the  original 
DPA-treated  hydride  were  carried  out;  in  addition  the  benzene  wash 
was  analyzed  for  DPA  by  means  of  gas -liquid  chromatography.  This 
procedure  was  repeated  four  times  with  the  rer  Its  shown  in  Table 
XI. 


\ 
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Table  XI 


( C )  Effect  of  Solvent  Wash  on  Stability  and  DPA  Concentration 
of  DPA-Treated  Aluminum  Hydride-1451  (Lot  QX-020T 


Sample 

$  C 

$  H 

$  DPA  on 
Sample  (Based 
on  $  C ) 

$  DPA  (Ben¬ 
zene  Wash) 

Decomp.  Da 
to  1$  (6o° 
Taliani ) 

QX-020 

<0.1 

10.02 

0 

-- 

14 

DPA -Treated 
QX-020 

1.74 

9.99 

1.84 

_ 

24 

Wash  1 

0.28 

9.94 

0.3 

0.114 

13 

Wash  2 

0.29 

10.01 

0.3 

0.005 

13 

Wash  5 

0.30 

9.98 

0.3 

0.0005 

14 

Wash  4 

0.16 

9.92 

0.2 

<0.0005 

14 

Wash  5 

0.20 

9.90 

0.2 

<0.0005 

13 

(C)  The  data  indicate  the  after-treatment  with  DFA 
doubles  the  stability  of  the  AlH3-l451,  but  show  that  85$  or  more 
of  the  DPA  deposited  by  the  treatment  can  be  removed  by  a  single 
fresh  solvent  wash.  Practically  no  further  change  resulted  from 
additional  washing  as  shown  by  a  constant  carbon  content  (within 
experimental  error),  low  CPA  content  in  the  benzene  washes,  and  a 
cons  cant  stability  equal  to  that  obtained  before  DPA  treatment. 


(C)  Since  the  in  situ  treatment  of  AlH3-l451  with  DPA 
resulted  in  increased  stability,  a  Dow  Pilot  Plant  magr.esium-doped, 
in  situ  DPA-treated  AlH3-l451  sample  (Lot  04126)  was  also  examined. 
Its  stability,  however,  was  less  than  expected  for  unknown  reasons, 
since  it  required  approximately  the  same  time  to  reach  1$  decom¬ 
position  as  material  which  was  DPA-treated  after  drying;.  The 
sample  was,  as  before,  treated  with  a  single  fresh  benzene  wash, 
and  its  carbon  and  hydrogen  content  and  stability  at  6o°C  .  deter¬ 
mined.  The  same  effect  was  found  as  with  the  previous  sample 
(Lot  QX-020)  which  was  not  in  situ  treated.  The  DPA  content  de¬ 
creased  from  1.44$  to  0.2$  and  the  stability  was  lowered  from  22 
days  to  11  days.  A  laboratory  sample,  however,  containing  no 
magnesium,  but  in  situ  treated  with  1.73$  DPA,  required  20  days  to 
reach  1$  at  6o°C .  by  the  Tallani  test.  This  sample,  after  a  single 
fresh  benzene  wash,  contained  0.85$  DPA  and  its  stability  decreased 
to  only  12  days,  which  is  much  better  than  the  5-6  days  expected 
for  the  same  untreated  hydride. 


(C)  In  summary,  the  experimental  evidence  strongly  sug¬ 
gests  that  no  reaction  occurs  between  the  AlH3-l451  and  the  DPA  on 
the  hydride  surface  for  the  following  reasons: 
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(i)  DPA  does  not  react  chemically  with  alumina  i 
hydride  in  solution. 

(ii)  A  single  fresn  solvent  wash  greatly  reduces 
the  DPA  content  of  the  A1H3-1451  and  'ts 
stability . 

(lii)  Stabilization  is  a  function  of  DPA  _  .tent 
on  the  surface  far  in  excess  of  that  neces¬ 
sary  for  a  few  monomclecular  layers. 

(iv)  The  DPA  readi]y  sublimes  from  the  hydride 
surface  at  elevated  test  temperatures. 

(C)  Experimental  results  demonstrating  that  the  _in  situ 
treatment  of  the  hydride  witn  DPA  is  much  better  than  treating  after 
recovery  and  drying  strongly  imply  chem-adsorption  and  that  a  very 
intimate  contact  between  the  DPA  and  the  hydride  surface  is  neces¬ 
sary  to  obtain  maximum  stabilization.  Physical  adsorption  would 
not  give  an  electronic  couple  which  appears  desirable.  A  chem- 
adsorption  couple  would  be  weak  in  nature.  It  is  known  that  in 
certain  instances  hydrogen  bonding  can  occur  with  unsaturated  com¬ 
pounds  (7,8).  Considering  the  structural  aspects  of  A1H3-1451  as 
previously  discussed  (B.l.b.),  the  concept  of  weak  hydrogen  bonding 
or  weak  Lewis  acid-base  reaction  could  explain  how  an  electronic 
couple  is  formed  between  DPA  and  A1H3-1451. 

(C)  The  sawtootn  surface  tnat  probably  exists  in  A1K3- 
1451  gives  rise  to  a  rather  unique  situation.  The  shape  of  the 
electron  density  plot  in  the  bonding  of  a  ri-Al-H  linkage  in  the 
body  of  the  crystal  would  have  a  high  degree  of  symmetry  around 
the  A1  atom.  In  the  case  of  the  H-Al-H  linkage  at  the  surface 
this  is  probably  not  true.  The  electron  density  plot  of  the  H-Al-H 
linkage  in  the  crystal,  though  not  completely  linear,  resembles  the 
following: 


H  <E»«  A1  H 

The  non-linear  or  surface  H-Al-H  linkage  differs  as  shown: 


H 


_  H  H 

d?  ^  ^ 


This  dissymmetry  in  the  electron  clouds  would  give  rise  to  an  ef¬ 
fective  region  acting  as  a  very  small  negative  charge  in  the  in¬ 
terior.  A  region  acting  like  a  positive  charge  or.  the  hydrogen 
could  be  attracted  to  tne  ur.saturated  linkage  in  the  DPA  (-C=C-) 
and  form  a  weak  adduct.  This  adduct  is  weakly  bonded  because  the 
effective  positive  charge  on  the  hydrogen  would  have  only  a  very 
weak  electrostatic  attraction  for  the  effective  negative  charge 
of  the  delocalized  bond  in  DPA. 
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(C)  An  electronic  coupling  could  also  be  formed  between  DPA 
and  the  AlHa-1451  by  means  of  the  aluminum  atoms  on  the  surface 
acting  as  Lewis  acids.  Since  the  triple  bond  in  DPA  can  act  as  a 
Lewis  base  (7,8),  a  weak  adduct  could  be  formed  between  the  empty 
orbital  of  the  aluminum  and  the  electron -rich  orbital  of  the  de¬ 
localized  bonds  in  DPA. 

(c)  Either  or  both  of  these  two  situations  could  provide  elec¬ 
tronic  couples  which  act  like  bridges  for  electrons  to  be  accepted 
or  donated  by  the  AIH3-1451.  This  mechanism  provides  for  an  ex¬ 
cess  electron  density  to  be  absorbed  by  the  electronically  delo¬ 
calized  structure  of  the  DPA  or  for  the  DPA  to  transfer  electron 
density  to  the  AlH3-l451  if  necessary.  This  will  inhibit  the  ex¬ 
cessive  build-up  of  electron  density  at  ar.y  one  point  in  the  A1H3- 
1451  crystal  and,  at  the  same  time,  the  lack  of  symmetry  of  the 
electron  distribution  of  the  H-Al-H  linkages  on  the  surface  will 
be  less  and  the  hydrogens  will  not  be  so  far  removed  from  their 
normal  equilibrium  positions. 

5.  New  Stabilizers  (U ) 

(U)  A  screening  program  of  acetylenic  derivatives  and  compounds 
containing  one  or  more  phenyl  groups  was  re-initiated  in  anticipa¬ 
tion  of  finding  a  compound  which  will  be  more  effective  than  di- 
phenylacetylene ,  and  also  possess  a  higher  melting  point  and  a 
lower  vapor  pressure. 

(C)  The  compounds  screened  as  possible  stabilizers  are  listed 
in  Table  XII  and  their  effect  on  A1H3-1451  decomposition  curves  is 
illustrated  in  Figures  22  and  23.  Most  of  the  compounds  demonstrated 
a  degree  of  activity;  however,  none  exhibited  the  stabilizing  effect 
or  lengthening  of  the  Induction  period  comparable  to  that  of  DPA. 
Triphenyls  Hanoi  was  also  used  as  a  stabilizing  agent,  but  Talianl 
results  at  60°C .  indicated  it  was  less  effective  than  DPA. 

(U)  Figure  23  illustrates  the  results  obtained  from  an  initial 
study  of  various  acetylenic  derivatives.  All  were  similar  in  struc¬ 
ture  as  they  possessed  a  CH2  group  adjacent  to  the  acetylenic  bond; 
however,  the  compounds  differed  in  the  number  of  triple  bonds  avail¬ 
able  . 

6.  Aging  Studies  of  Magnesium-Doped  Aluminum  Hydride-1431  (c ) 

(C)  It  was  discovered  from  surveillance  studies  of  neat  alu¬ 
minum  hydride  samples  stored  under  an  inert  atmosphere,  that  large 
improvements  in  stability  occurred  with  storage.  This  "aging" 
phenomenon  was  later  found  to  be  particularly  characteristic  of 
all  magnesium -doped  hydride.  Because  of  the  more  than  sevenfold 
improvement  in  thermal  stability  as  a  result  of  "aging",  efforts 
were  made  to  understand  and  characterize  this  phenomenon.  It  was 
expected  that  this  would  lead  to  further  improvements  in  aluminum 
hydride  stability. 
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Table  XII 


(C )  New  Compounds  Screened  as  Potential  .Stabilizers 
of  Aluminum  Hydride-1431 


Name 


2 (2 -Propynyloxy) naptha lene 


2 ,4-DIchlorophenylpropargyl  ether 


Structure 


p-bis (2-Propynyloxy )benzene 


CHsC  -CH2  -0^>0-CH2  -C=CH 


1 , 2  j  3-tria (2 -Propynyloxy ) benzene 


0-CH2-ChCH 
^|rO-CH2  -CsCH 
^J^-0-CH2-CsCH 


1 ,2  -bis (2 -Pyrldyl) ethylene 


2 -Amino -5-c hlorobenzophenone 


4 -Nltrobenzophenone 


4 -Amlnobenzophenone 


Benzophenone 


0 

ft  W-C 


\\  // 
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Evaluation  of  New  Stabilizers  for  Aluminum  Hydride-l^l 


CONFIDEN 


100‘C. 


1.  AIH3-  1451  +  2(2-Propynyloxy)naptholene  I 

2.  AIH3-  1451  +  2,  4-Dichlorophenylroparyl  ether 

3.  AIH3- 1451  +  p'bis  (2-Propynyloxy)b«nzene~J 

4. AIH3-I45I  +  1, 2, 3-tris  (2-Propynyloxy)b*nzern 

5. AIH3-  1451  +  Diphenylacetylene 


I  II 

SB  iPj 


%  DECOMPOSITION 


STANDARD  04035A 


TIME,  hrs. 


70  8 


(c)  Fig.  23  -  Evaluation  of  Substituted  Acetylenic 
Derivatives  as  Aluminum  Hydride-1451  Stabilizers 
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a.  Effect  of  Storage  Time  at  -15°C.  (U ) 

(c)  A  number  of  magnesium-doped  laboratory  samples  of  AIH3- 
1451  which  had  been  under  surveillance  at  -15°C.  for  over  a  year 
showed  significant  improvement  in  thermal  stability;  the  completed 
data  are  presented  in  Table  XIII.  Several  lots  required  nearly 
100  days  before  reaching  1$  decomposition  at  6o°C.,  representing 
approximately  a  sevenfold  Improvement  in  stability.  There  is  no 
indication  that  the  samples  attained  their  maximum  stability;  how¬ 
ever,  the  degree  of  improvement  for  sample  5853-146  was  much  greater 
for  the  first  4-6  months  than  it  was  during  the  last  six  months. 

One  sample,  8262-19>  which  had  the  best  stability  prior  to  storing, 
exhibited  a  phenomenal  improvement,  requiring  approximately  170 
days  to  reach  1%  decomposition  at  6o°C .  as  shown  in  Figure  24.  The 
results  from  this  sample  indicate  that  even  better  stabilities  can 
probably  be  realized.  Figure  25  summarizes  the  progressive  improve¬ 
ment  in  thermal  stability  that  has  been  achieved  by  a  combination 
of  magnesium  incorporation,  surface  treatment  with  DPA,  and  "aging". 

Table  XIII 


(C )  Effect  of  Storage  Time  at  -15°C ,  on  Aluminum  Hydride-1451 


Sample 

Days 

to  Reach  1% 

Decomposition 

at  6o°C . 

Number 

Original 

4-6  Months 

9-12  Months 

18  Months 

5853-131 

1 .64 

13.5 

22.5 

27-0 

-- 

5853-142 

1 .72 

12  .9 

42.0 

91 .0 

-- 

5853-141 

1.53 

6.8 

26.0 

46  .0 

5853-146 

2  .07 

12  .8 

70.0 

93.0 

135-0 

5853-150 

2.3 

14  .5 

29.5 

107.0 

128.0 

8262-19 

2.1 

22.6 

-- 

170 

0.81  in 
156  days 

8262-48 

1.0 

14  .0 

-  - 

82  .0 

0.88  in 
156  days 

(C)  To  further 
being  measured  from 

confirm  the 
these  "aged 

accuracy  of  the  decomposition  rates 
"  samples.  Sample  No.  5853-150  was 

re-examined  and  its  decomposition  curve  determined  by  a  pressure 
transducer  apparatus.  A  comparison  between  the  decomposition  rate 
measured  by  the  standard  Tallani  apparatus  versus  the  transducer 
apparatus  is  illustrated  in  Figure  26.  The  measured  decomposition 
rates  by  the  two  different  methods  were  essentially  the  same  except 
for  small  differences  during  the  early  stages  of  decomposition.  This 
information,  obtained  from  duplicate  samples  which  are  lenown  to  be 
uncontarainated  with  mercury,  is  reassuring. 
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b.  Effect  of  Magnesium  Concentration  on  "Aging;"  (U ) 

(C)  In  an  attempt  to  determine  the  effect  of  magnesium  concen¬ 
tration  in  the  hydride  lattice  on  "aging",  several  older  samples 
of  hydride  which  had  been  stored  for  approximately  2  years  at  -15°C . 
were  re-evaluated  to  determine  their  current  stability.  A  summary 
of  the  results  is  shown  in  Table  XIV. 

Table  XIV 


(C) 

Sample  No . 

Effect 

of  Magnesium 

Concentration 

on  Stability 

of  Aluminum  Hydride- 

-1451  Stored  at 

-15UC  . 

#  mb 

Days  to  Reach  1# 
Decomposition  at  6o°C. 
Original  1-2  Years 

Days  Improvement 

8262-89 

0.3 

8.5 

10.5 

2.0 

8583-116 

0.4 

4.8 

10. 0 

5.2 

5853-3la 

0.6 

3.0 

9-5 

6.5 

5853-82 

0.7 

11.0 

35.5 

24  .5 

5853-83 

0.8 

13.5 

26.0 

12.5 

5853-79 

0.9 

15.0 

20.0 

5.0 

8262-48 

1.0 

14  .0 

82 .0 

68 

5853-14 lb 

1.5 

6.8 

46.0 

39.2 

5853-131 

1.6 

13.5 

27.0 

13.5 

5853-142 

1.7 

12  .9 

91 

78.1 

5853-146 

2.1 

12.8 

93.0 

•%.2 

8262-19 

2.1 

22.6 

170 

14  7 

5853-150 

2.3 

14  .5 

107 

92.5 

aVery  poor  bulk  density. 
bLess  than  5#  AlH3-l433. 

(U)  A  plot  of  the  percent  magnesium  versus  the  number  of 
days  improvement  in  stability  as  a  result  of  "aging"  is  shown  in 
Figure  27.  The  data  show  the  hydride  stability  to  increase  as  the 
magnesium  concentration  increases.  As  Indicated  by  the  apparent 
parabolic -shaped  relationship,  concentrations  greater  than  1.0# 
magnesium  appear  necessary  for  obtaining  large  improvements  in 
stability . 

c .  Effect  of  "Aging"  on  Unit  Cell  Dimensions  (U ) 

(C)  It  was  pointed  out  by  Dr.  Eock  of  Edwards  Air  Force  Base 
(9)  that  the  Incorporation  of  magnesium  into  the  lattice  of  A1H3- 
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1451  resulted  in  an  expanded  unit  cell  but  It  was  not  known  If 
"aging"  also  affected  this  property.  In  order  to  investigate 
this,  the  unit  cell  dimensions  of  three  samples  containing  varying 
amounts  of  magnesium  were  compared  before  and  after  "aging".  The 
unit  cell  dimensions  of  each  sample  were  carefully  determined  from 
X-ray  patterns  taken  on  an  AEG  linear-type  focusing  camera  with 
aluminum  as  a  reference. 

(U)  The  results,  tabulated  in  Table  XV,  show  that  within 
experimental  error  the  unit  cell  dimensions  remained  unchanged, 
and  from  this  it  must  be  concluded  there  is  no  correlation  or 
relationship  between  improvement  in  stability  as  a  result  of 
"aging",  and  changes  in  the  unit  cell  dimensions  of  the  crystal 
lattice . 

d.  Initial  Gassing  of  "Aged ",  Magnesium-Doped  Aluminum  Hydride-1451  ( c ) 

(C )  Another  characteristic  of  "aged"  magnesium-doped  samples 
is  a  small  amount  of  initial  rapid  gassing  during  testing  at  6o°C  . 

This  initial  gassing  on  the  Tallani  was  found  to  correlate  roughly 
with  the  degree  of  improvement  in  thermal  stability.  The  data 
therefore  suggested  that  the  gas,  assumed  at  first  to  be  hydrogen, 
was  playing  a  very  significant  role  in  improving  the  thermal  sta¬ 
bility  of  aluminum  hydride -1451 . 

(C)  To  further  elucidate  the  effect  of  initial  gassing,  two 
samples  which  demonstrated  a  definite  initial  gassing  and  Increased 
stability  after  a  period  of  "aging"  were  degassed  on  a  high  vacuum 
line  for  approximately  two  weeks  at  ambient  temperature.  They  were 
then  removed  and  evaluated  at  6o°C.  on  a  Tallani  apparatus.  It  was 
extremely  interesting  to  find  both  the  initial  gassing  and  "aged" 
stability  exhibited  by  the  samples  had  been  removed  by  this  treat¬ 
ment  (Figures  28  and  29).  The  thermal  stability  of  the  hydride  in 
the  case  of  Sample  5853-85,  was  reduced  completely  to  the  rate  it 
originally  possessed  immediately  following  preparation.  Sample 
5853-82  also  lost  most  of  its  stabilization  during  degassing. 

These  results  suggested  that  the  gas  which  was  evolved  was  responsi¬ 
ble  for  the  increase  in  stability  gained  during  storage  and  that 
it  would  be  necessary  to  identify  the  evolved  gas,  and  to  deter¬ 
mine,  if  possible,  the  mechanism  responsible  for  the  improvement 
in  stability.  Once  a  better  understanding  of  this  is  obtained,  it 
should  lead  to  better  control  of  the  decomposition  kinetics  of 
aluminum  hydride. 

(U)  The  composition  of  the  Initial  gas  was  quantitatively 
determined  by  mass  spectrometry.  The  gas  analysis  from  two  "aged" 
A1H3-1451  samples  is  shown  in  Table  XVI.  Both  samples  were  heated 
for  a  period  of  time  before  the  evolved  gas  was  released  into  the 
mas3  spectrometer. 

(C)  Analysis  of  sample  8262-10311  after  heating  for  20  minutes 
at  80°C.  showed  8l$  water  and  15.7$  hydrogen.  The  sample  was  then 
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Fig.  29  -  Loss  of  "Aged"  Stability 
after  Degassing  of  Sample  5855-82 


closed  off  from  the  mass  spectrometer  and  again  reheated  for  an 
additional  20  minutes  at  80°C  .  Analysis  of  the  gas  this  time 
indicated  88$  water  and  8.5$  hydrogen.  In  addition  to  water  and 
hydrogen,  trace  amounts  of  CeH6,  (CaHs^O,  CO2,  and  N2  or  CO  were 
also  observed  . 


Table  XVI 


( U )  Analysis  of  Initial  Gas  Evolved  from  "Aged"  Hydride 

Gas  Analysis,  mole  $a 


_ Sample  Number _  H20  H2 

8262-10311 

a)  20  minutes  at  80°C.  8l  15.7 

b)  Additional  20  minutes  at  80°C.  88  8.5 

5853-1^6 

a)  20  minutes  at  80°C.b  72.6  21.2 

b)  Additional  20  minutes  at  80°C .  78.1  21.9 


aTrace  amounts  of  C6Ha,  (C2H5)20,  N2  or  CO. 
b0bserved  5-6  mole  $  C02 . 


(u)  Analysis  of  a  second  sample  (5853-l1+6)  showed  5.6  mole  $ 
CO2  in  addition  to  large  amounts  of  water  and  hydrogen  as  shown 
in  Table  XVII.  It  is  interesting  to  note  that  this  sample  is 
extremely  stable,  requiring  nearly  100  days  to  reach  1$  decomposi¬ 
tion  at  60°C .  The  significance  of  the  observed  C02  is  unknown 
but  should  be  examined  in  future  studies. 

Table  XVII 

(U )  Effect  of  Temperature  on  "Aging"3 


Stability,  days  to  1$  decomposition  at  6o°C. 


Sample  No. 

Original 

Ambient 

-15°C  . 

Removed  Ambientb 

8262-1031 

9.5 

23.6 

31 

28 

8262-10311 

13.2 

17.0 

25.5 

26 

0 

Samples  stored  ten  months. 

to 

“Removed  from  -15°C.  storage  six  months  previous  to  above  test. 
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(u)  It  is  now  concluded  that  the  initial  gas  from  "aged'1 
samples  contains  large  amounts  of  water  vapor  which  is  playing  a 
major  role  in  the  "aging"  process. 


(C )  The  "aging"  phenomenon,  however,  is  much  more  complex 
than  simply  treating  the  magnesium-doped  material  with  moisture  as 
might  be  inferred.  Past  techniques  of  surface  treating  magnesium- 
doped  material  with  water  after  preparation  have  never  produced  a 
product  with  stability  comparable  to  "aged"  material.  In  addition, 
oxygen  analyses  of  samples  during  storage  at  -15°C.  and  ambient 
temperature  show  approximately  the  same  Increase  in  oxygen  concen¬ 
tration  (Table  XVIII),  but  the  Increase  in  thermal  stability  of 
the  samples  stored  at  -15°C.  is  much  greater  than  those  stored  at 
ambient  temperatures  (Table  XVII). 


Table  XVIII 


Sample  No. 

8262 -103r 


8262-10311 


(U )  Oxygen  Analysis  of  Stored  Samples 

Wt .  %  Oxygen 


Storage  Temperature  Original  After  1  yr.  Storage 


-15°c . 
Ambient 

-15°C  . 

Arr*  V*\  4 

hiu  J.u.11  V 


~o.52£ 


1.10  ±  0.09 
0.96  ±  0.09 


0.50  ±  0.06 


0  .J*6 


-  .06 


Composite  of  samples  prepared  in  an  atmosphere  of  10,001  ppm 
3Composlte  of  samples  prepared  under  anhydrous  conditions. 


(c)  On  the  basis '.of  these  observations  it  must  be  concluded 
that  specific  conditions  are  necessary  if  maximum  benefit  is  to 
result  from  water  treatment  of  the  hydride.  These  conditions  must 
depend  on  the  type  of  surface  structure  formed  as  a  result  of  water 
in  combination  with  magnesium-doped  AlHa-1451,  and  must  also  ce 
greatly  Influenced  by  process  parameters. 

e.  Kinetic  Studies  of  "Aged,"  Magnesium-Doped  Aluminum  Hydride -jtr  1 

(C)  The  activation  energy  for  the  acceleration  period  during 
the  decomposition  of  normal  AIH3-1451  is  approximately  23.0  ±  l.y 
kcal./mole  as  determined  by  the  Prout -Tompkins  equation  given  qc.  Lji. 


In 


P  -P 
f  r 


=  kt 


(C)  It  has  been  previously  reported  that  the  activation  energy 
of  magnesium-doped  hydride  varies  widely  during  the  acceleration 
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period  (l).  Preliminary  data  from  only  two  magnesium-doped  samples 
are  summarized  in  Table  XIX.  The  activation  energy  for  the  acceler 
atlon  period  of  the  magnesium-doped  samples  is  apparently  changing 
with  time.  The  samples  originally  had  an  activation  energy  of  27.0 
and  28.6  kcal./mole;  however,  after  five  and  seven  months'  storage, 
the  activation  energy  had  changed  to  approximately  30.7  kcal./mole. 
Taking  the  average  of  the  four  values  after  storage  (30.7  kcal./ 
mole)  and  comparing  it  to  the  average  of  the  two  samples  originally 
(27.8  kcal./mole)  a  change  of  2.9  kcal./mole  is  measured.  There 
appear  to  be  no  significant  effects  resulting  from  differences  in 
storage  temperature. 


Table  XIX 


(U)  Effect  of  Time  and  Temperature 
on  Activation  Energy  of  Acceleration  Period 

Activation  Energy,  kcal./mole 

Storage  Temperature^- 

Sample  No.  Original  AmblenT  -15u£- 

8262-103311  27.0  32.1  29.9 

8262-1031  28.6  30.1  30.8 

aSample  8262-10311  stored  five  months; 

&262-103I  stored  seven  months. 

f.  The  Effect  of  Ambient  Storage  on  "Aged"  Samples  (U) 

(C)  A  sample  exhibiting  an  increase  in  thermal  stability  with 
age  at  -15°C.  was  removed  from  cold  storage  and  allowed  to  stand 
at  ambient  temperature.  The  decomposition  rate  of  the  sample  was 
measured  Immediately  after  removal  from  storage  and  subsequently 
every  24  hours  for  4  days.  The  data  shown  in  Table  XX  indicate 
during  the  four  days'  storage  at  ambient  temperature.  The  days 
required  to  reach  1$  decomposition  decreased  from  an  estimated  28 
to  18.9  and  the  Initial  gassing  from  0.19$  to  0.048$  decomposition 
after  two  days. 

(C)  A  decrease  in  initial  gassing  with  increasing  storage  time 
at  ambient  temperature  suggests  the  loss  of  adsorbed  water  as  dis¬ 
cussed  in  Section  B-5-d.  In  this  case,  however,  the  loss  of  water 
is  probably  not  a  result  of  dehydration  but  due  to  diffusion  inward 
through  the  oxide/oxyhydroxide  surface  where  it  reacts  with  alu¬ 
minum  hydride. 

(C)  Apparently  it  is  possible  to  condense  water  on  the  surface 
of  the  hydride  at  -15°C.  without  a  reaction.  Removal  from  storage 
at  -15°C.  allows  the  moisture  present  to  react  with  the  hydride 
causing  a  decrease  in  the  initial  gas  and  stability  observed  at 
60  nC. 
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Table  XX 

(U )  Effect  of  Pretreatlng  "Aged"  Sample  8262-10311 


Storage  Time  at 
Ambient  Temp.,  days 

Initial  Gassing,  % 
Decomposition  after 

2  days  at  6o°C. 

Stability,  days  to 
reach  1%  decomposi¬ 
tion  at  60°C . 

0 

0.19 

28  est. 

1 

0.16 

27 

2 

0 .092 

23.8 

3 

0.071 

21 .7 

4 

0.048 

18.9 

7  (constant  pumping 

under  vacuum) 

0.034 

17 

7  (static  vacuum) 

0  .064 

21 

(C)  These  results  are  puzzling  when  compared  to  the  stability 
obtained  frpm  the  same  sample  after  six  months  '  storage  at  ambient 
temperature  following  removal  from  cold  storage.  The  data  in 
Table  XVII  show  that  the  sample  previously  stored  at  -15°C .  retained 
its  increased  stability  after  storage  at  ambient  temperature.  This 
appears  to  be  in  contradiction  with  the  above  data  which  show  a 
considerable  loss  in  stability  after  storage  for  four  days  at 
ambient  temperature. 

(C )  Table  XX  also  summarizes  experiments  which  further  evalu¬ 
ate  the  original  "pumping"  experiment.  Very  little  difference  was 
observed  in  the  stability  and  initial  gassing  of  the  sample  stored 
for  4  days  at  ambient  temperature  compared  to  the  same  sample 
stored  7  days  under  constant  pumping.  Hence,  it  appears  storage 
time  and  temperature,  but  not  vacuum,  are  the  important  factors. 

Some  difference  was  noted  on  storage  for  7  days  under  constant 
pumping  compared  to  static  vacuum  conditions  (17  days  vs.  21  days 
to  reach  1%  decomposition). 

g.  Heat  Treatment  of  Magnesium-Doped  Aluminum  Hydride-1451  ( C ) 

(C)  Techniques  for  accelerating  the  "aging"  of  magnesium-doped 
AIH3-I45I  were  investigated.  Previous  results  suggested  that  the 
sample  upon  removal  from  cold  storage  was  undergoing  a  heat  treat¬ 
ment  when  placed  in  the  Tallani  apparatus  at  6o°C  .  for  evaluation, 
and  that  this  was  responsible  for  its  Increased  stability. 

(C)  Preliminary  data  obtained  from  heat  treating  a  sample  at 
80 °C .  for  a  short  period  of  time  before  evaluation  at  6o°C.,  as 
shown  in  Figure  30,  demonstrated  only  a  small  amount  of  improve¬ 
ment  in  stability.  However,  a  20  minute  heat  treatment  at  80°C  . 
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(U)  Pig.  3C  -  Effect  of  Heat  Treating  "Aged"  Samples 
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did  reduce  the  Initial  gassing.  Based  on  the  premise  that  the 
"aging"  phenomenon  may  involve  the  freezing  of  moisture  on  the 
surface  of  the  hydride  followed  by  heat-treating  at  60°C.  during 
evaluation,  an  attempt  was  made  to  duplicate  this  process. 

(C)  Magnesium-doped  AlH3-l451  was  placed  in  an  appropriate 
apparatus  and  an  amount  of  moisture  equivalent  to  1%  hydrolysis 
was  frozen  on  the  surface  of  the  hydride  at  -196°C.  Samples 
were  then  allowed  to  warm  up  to  room  temperature  for  twenty-four 
hours  before  heat-treating  at  80°,  70°,  60°  99° ,  and  40°C.  After 
this  moisture  and  heat  treatment  step,  they  were  evaluated  on 
the  Taliani  apparatus  at  6o°C. 

(C)  This  technique  "essentially"  reproduces  the  "aging" 
phenomenon  and  in  a  matter  of  hours  stabilizes  the  hydride  to 
the  same  degree  as  previously  attained  by  four  to  six  months' 
storage  at  -15°C.  It  is  interesting  to  note  from  the  results 
shown  in  Figure  31  that  the  samples  heat-treated  at  80°,  70°, 
and  60°C.  exhibited  no  initial  gassing  whereas  those  heat-treated 
at  50°C.  and  40°C.  did;  a  direct  correlation  between  the  amount 
of  initial  gassing  and  stability  was  again  observed.  The  sample, 
moisture- and  heat-treated  at  40°C.,  exhibited  the  greatest  initial 
gassing  (0.3$)  and  stability  (47  days  to  1%  decomposition)  com¬ 
pared  to  the  reference  sample  (21  days  to  1%  decomposition). 

(C)  It  was  surprising  to  find  l^ss  than  10 %  (including  the 
initial  gassing  at  60°C.  )  of  the  gas  expected  from  \%  hydrolysis 
was  evolved.  This  suggests  that  water  is  held  by  the  oxide  film 
formed  on  the  hydride  surface,  preventing  it  from  coming  in  contact 
with  the  hydride. 

(U)  Higher  temperature  and  lower  heat-treating  time,  as  shown 
in  Figure  32,  did  not  prove  to  be  successful.  Samples  were  heated 
at  100°,  90°,  and  80°C.  for  3,  4,  and  5  hours,  respectively.  No 
large  change  in  stability  was  observed. 

7.  Storage  under  Hydrogen  Pressure  (U ) 

(C)  Various  types  of  AlH3-l451  were  stored  under  a  hydrogen 
pressure  of  7500  psi.  for  a  total  of  5  months  at  ambient  tempera¬ 
ture  to  determine  if  an  increase  in  thermal  stability  could  be 
achieved  by  annealing  under  these  conditions.  The  samples  were 
evaluated  after  2  to  5  months'  storage.  The  data  are  summarized 
in  Table  XXI  for  (i)  macrocrystalline,  (ii)  magnesium-doped,  DPA- 
treated,  and  (ill)  magnesium-doped  A1H3-1451.  Little,  if  any, 
change  was  observed  in  the  thermal  stability  of  macrocrystalline 
and  magnesium-doped  AlH3-l45l.  However,  magnesium-doped,  DPA- 
treated  AlH3-l451  appeared  to  have  increased  in  thermal  stability 
in  2  months  from  19  to  32  days  and  in  5  months  from  19  to  22.5 
days  before  reaching  1 %  decomposition  at  60°C.  Because  additional 
storage  produced  a  decrease  in  stability  of  the  DPA-treated 
material,  this  does  not  appear  to  be  a  useful  technique  for  improv¬ 
ing  the  thermal  stability  of  AlH3-l451. 
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'ig.  31  -  Effect  of  Moisture  and  Heat  Treatment 
Temperatures  on  Aluminum  Hydride-1451  Stability 
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(c)  Fig.  32  -  Effect  of  Moisture  and  Heat  Treatment 
at  High  Temperatures  on  Aluminum  Hydride-1451  Stability 
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Table  XXI 


(U )  Effect  of  Storage  under  Hydrogen  Pressure 
on  the  Stability  of  Various  Types  of  Hydride 


Stability,  days  to  1%  decomposition  at  6o°C. 


Hydride  Type 

Original 

Sample 

Sample  stored 
2  Months 

at  7500  psi  H2 
5  Months 

Macrocrystalline 

7.9 

7.2 

7.1 

Magnes ium -doped 

12 .4 

12  .5 

12.5 

Magnesium -doped , 
DPA-treated 

19.0 

32.5 

22.5 

8.  Cycling  Decomposition  Temperas  ere  '•> ) 

(C)  The  decomposition  rate  of  AlH3-l451  has  usually  been  mea¬ 
sured  under  Isothermal  conditions.  However,  In  propellant  applica¬ 
tions  the  temperature  of  the  hydride  may  be  subjected  to  a  variation 
in  temperature  depending  upon  the  storage  conditions.  Therefore,  It 
was  believed  desirable  to  examine  the  decomposition  rate  obtained  by 
cycling  the  temperature  and  compare  it  to  the  isothermal  decomposi¬ 
tion  rates. 


/  TT  \ 

J 

90 


70  °C 


o empe i'a  o ui'c  was  c y c  led  ever y  twelve  hours  betws 
and  90 °C  .  The  same  sample  was  then  decomposed  at  90°,  80°,  and  70°C 
under  Isothermal  conditions  for  comparison  purposes.  The  resulting 
decomposition  curves  are  shown  in  Figure  33.  It  was  thought  that 
cycling  the  temperature  between  70°C  .  and  90°C.  would  be  very 
similar  to  the  decomposition  rate  one  would  achieve  at  80°C  .  which 
is  the  average  of  the  two  temperatures. 


(U)  The  cyclic  decomposition  curve  between  70°C  .  and  90°C. 
does  roughly  approximate  the  isothermal  decomposition  curve  at 
80°C.  At  these  elevated  temperatures  the  length  of  the  induction 
period  is  very  sensitive  to  change  in  temperature.  Hence,  the 
starting  temperature  is  very  important  in  obtaining  this  type  of 
correlation.  It  is  expected  that  the  smarting  temperature  would 
be  less  critical  at  lower  temperatures. 


C.  CK/STAL  STRUCTURE  STUDIES  OF  ALUMINUM  HYDRIDE-1431  (U) 


(U)  Diagrams  depicting  the  unrefined  structure  of  aluminum 
deuteride  have  been  previously  discussed  and  shown  (l).  Additional 
refinement  of  the  aluminum  deuteride -1451  structure  has  been  achieved 
during  the  past  quarter. 

(U)  The  aluminum  deuteride  structure  s  three  unknowns:  a 
position  parameter,  a  temperature  parameter  for  D,  and  a  temperature 
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parameter  for  A1 .  Estimated  values  of  2.0  for  the  A1  temperature 
factor  and  4.0  for  the  D  temperature  factor  were  used  during  the 
refinement  of  the  D  position  parameter.  Neutron  structure  factor 
calculations  for  values  of  X  =  0.640  (0.005)  0.6Q0  were  done  for 
a  subset  of  19  reflections  of  the  total  indexed  set  of  60.  The 
agreement  factors  continue  to  improve  as  X  is  decreased  as  shown 
in  Table  XXII. 


Table  XXII 

(U)  Neutron  Structure  Factor  Calculations  Ri  =  e/aI  /eAq^s 


X 

Ri 

X 

Ri 

0.640 

0.2925 

0.670 

0.3677 

0.645 

0.2937 

0.675 

0.3842 

O.65O 

O.2966 

0.680 

0.3999 

O.655 

0.3175 

0.685 

0.4151 

0.660 

0.3369 

0.690 

0.4310 

O.665 

0.3507 

(U)  A  comparison  of  the  calculated  and  observed  intensities 
indicates  that  the  estimated  temperature  factors  may  be  too  high. 
Values  of  1.0  for  A1  and  2.0  for  D  are  currently  being  used  for 
calculation  with  X  =  0 . 62S( 0 . 00?) 0 . 64h . 

(U)  The  Al-D  dlstance^in  this  structure  is,  at  the  present 
state  of  refinement,  1.704  a.  The  refinement  has  shown  that  the 
column  of  hydrogen  atoms  parallel  with  the  Z-axis  is  not  collinear 
"along  the  Z-axis  but  is  displaced  to  the  right  or  left  by  a  finite 
value.  This  refinement  of  the  structure  is  shown  in  projection  on 
the  (001)  plane  in  Figure  34. 

D.  LONG-TERM  SURVEILLANCE  OF  NEAT  ALUMINUM  HYDRIDE-1451  (C) 

(C)  Many  samples  of  aluminum  hydride  have  been  stored  neat 
and  in  propellant  formulations  at  40°C.,  ambient  temperature,  and 
-15°C .  to  determine  the  actual  shelf  life  of  aluminum  hydride  at 
these  temperatures.  The  object  of  this  study  is  to  check  the 
accuracy  of  the  predicted  shelf  life  and  to  verify  that  the  improve¬ 
ments  made  in  the  thermal  stability  of  aluminum  hydride  as  deter¬ 
mined  by  accelerated  testing  at  60°C.  are  also  realized  at  the 
lower  temperatures.  Surveillance  of  aluminum  hydride  propellant 
represents  the  "acid  test"  since  it  evaluates  both  long-term  sta¬ 
bility  and  compatibility  of  the  hydride  with  commercial  propellant 
ingredients . 

(C)  A  number  of  macrocrystalline  aluminum  hydride  samples  have 
been  stored  in  taped  glass  vials  under  an  inert  atmospnere  at  ambient 
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temperature  at  -15°C .  for  more  than  two  years.  Samples  at  -0  C. 
have  been  stored  for  over  200  days  and  are  exposed  to  light, 

1 ,  Storage  at  40 °C  .  ( U ) 

(C)  A  summary  of  the  decomposition  rates  measured  from  a  serie 
of  neat,  normal  macrocrystalline  samples  stored  at  ^O’C.  is  given  in 
Table  XXIII.  The  average  percent  decomposition  for  the  six  macro¬ 
crystalline  lots  is  plotted  in  Figure  35  versus  storage  time  in  day 
A  plot  of  the  decomposition  rates  measured  for  these  samples  over 
a  period  of  222  days  yielded  a  typical  decomposition  curve  for  alu¬ 
minum  hydride.  After  100  days  at  40°C  .  ,  approximately  2$  decomposi 
tion  was  observed;  after  222  days,  3 6.6$  decomposition  was  measured 
Therefore,  it  can  be  concluded  that  a  significant  amount  of  decom¬ 
position  would  occur  for  normal  macrocrystalline  hydride  if  stored 
at  40°C .  for  periods  of  time  much  greater  than  3  months. 

Table  XXIII 


(C )  Long-Term  Storage 

Stabll lty 

of  Aluminum  Hydride-l^l 

at  40  °C 

Decomposition 

b,  $ 

3 

Storage  Time, 

days 

Sample  Number 

""Ho 

97 

202 

222 

C4185A 

1.3 

1.3 

23  0 

42 .4 

04195 

1.8 

2.4 

16.9 

35.0 

04265B 

l.l 

2  .2 

16.7 

33.3 

06255 

0.2 

1.7 

14 .3 

35.0 

06275 

1.2 

2.5 

2C.4 

38.0 

06285 

1.0 

2  .2 

15.9 

36.2 

Average  $  Decomp. 

1.1 

2.1 

17.9 

36  .6 

aSamples  stored  3  months  in  cold  storage  prior  to  evaluation, 
determined  by  carbon  and  hydrogen  analysis;  hydrogen  ii%  of  total. 


(C)  The  effect  of  storage  at  40°C.  on  the  thermal  stability 
of  aluminum  hydride,  as  determined  by  the  Taliani  test  at  6o°C,, 
for  the  same  six  lots  of  macrocrystalline  hydride  is  presented 
in  Table  XXIV. 

(C)  Eight  pilot  plant  lots  of  magnesium-doped  A1K.1-L451  are 
also  being  stored  at  4o°C .  The  effect  of  storage  on  the  thermal 
stability  of  the  samples  is  summarized  in  Table  XXV.  Tne  samples 
containing  0.48$  to  1.35$  magnesium  exhibited  a  stability  of  12.0 
to  25-5  days  before  reaching  1$  decomposition  at  6C3C  .  The  results 
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(u)  Fig.  55  -  Average  Decomposition  Curve 
for  Macrocrystalline  Aluminum  Hydride-1451  at  40°C 
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obtained  at  40°C.  for  the  two  types  of  hydride  are  compared  in 
Figure  36.  The  original  data  previously  reported  for  the  first 
four  lots  of  hydride  shown  in  Table  XXV  were  in  error  due  to  a 
faulty  temperature  controller  and  thermometer,  fhe  new  data  for 
these  lots  shown  in  Figure  36  and  Table  XXV  therefore  differ  from 
those  previously  reported. 


Table  XXIV 

(C )  Effect  of  Storing  Aluminum  Hydride-1431 


at 

Sample  Number 

40”C.  on  Thermal 

Days  to  Reach  1# 

Stability 

Decomposition  at 

6o°c.a 

Storage 

:  Time,  day 

s 

Original 

16 

42 

63 

96 

04185A 

6.6 

4  .9 

2  .6 

5.5 

1.25 

04195 

6.6 

4.8 

4.5 

5.4 

l.l 

04265B 

7.5 

5.8 

4.7 

3.1 

l.l 

06225 

8.7 

8.0 

6  .2 

3.6 

2  .4 

06275 

6.2 

5.6 

4 .6 

3.9 

0.9 

06285 

6.6 

5.9 

5.8 

2.5 

•  1.4 

Average  Stability 

7.0 

5.8 

4.4 

3.3 

1.4 

aTallani  test  ±0.2#  decomposition. 

Table  XXV 

(C )  Effect  of  Storing  Magnesium -Doped  Aluminum  Hydride-1431 
~  at  40^0  ,a  on  Thermal  Stability 


Sample 

Days 

to  Reach 

1#  Decomposition 

at  6o°C 

b 

storage  Time, 

aays 

Number 

#  Mg 

Original 

7 

21 

35 

42 

J2_ 

01206 

0.6 

13-3 

13.2 

12.8 

15.5 

1.'  .4 

12  .2 

01216 

0.67 

14  .5 

13.6 

15.5 

13.0 

U  .2 

11.4 

01286 

0.48 

13.2 

12.2 

12  .8 

11.5 

11.4 

9.8 

01316 

0  .81 

12  .0 

11.6 

10.4 

10.8 

11.1 

9.5 

06206 

1.26 

11.7 

10.1 

8.9 

9.2 

8.8 

8.1 

06276 

1.35 

25.5 

— 

18.8 

20.0 

24 .1 

23.5 

06286 

0.90 

19.0 

17.5 

16.9 

16.8 

18.2 

18.0 

06386 

0.86 

16.8 

12.9 

12  .6 

12.4 

13.1 

14  .8 

Average 

15.8 

13.0 

15.5 

13.4 

14  .0 

13.8 

aLots  also  placed  under  surveillance  at  ambient  temperature  and  -15°C  . 
DTalianl  test  ±0.2#  decomposition. 
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(C)  It  was  found  for  each  of  the  six  lots  of  normal  macro¬ 
crystalline  hydride  stored  at  4o°C.  the  stability  consistently 
decreased  during  a  storage  period  of  96  days.  The  average  sta¬ 
bility  of  the  magnesium-doped  samples  also  decreases  as  storage 
time  Increases,  although  the  curve  appears  to  reach  a  plateau 
within  42  days.  It  is  Interesting  to  note  the  samples  change 
color  from  white  to  gray  after  only  approximately  4  days  storage 
at  4o°C.  In  contrast  to  normal  macrocrystalline  hydride,  the 
improved  stability  exhibited  originally  by  the  magnesium-doped 
s?.mples  is  essentially  maintained  over  this  period  of  time.  The 
latest  data  suggest  the  magnesium-doped  samples  may  be  undergoing 
an  accelerated  "aging"  phenomenon. 

2. _ Storage  at  Ambient  Temperature  and  -15°C.  ( U) 

(C)  The  hydrogen  analyses  obtained  for  eleven  different  lots 
of  normal  macrocrystalline  Dow  Pilot  Plant  hydride  stored  for  vari- 
our  periods  of  time  at  ambient  temperature  and  -15°C.  are  summarized 
in  Table  XXVI.  Samples  06104AT  and  07084T  are  the  same  as  06104a 
and  07084,  respectively,  except  that  they  have  been  treated  with 
acrylonitrile  (VCN)  and  sample  3655-85  is  a  laboratory  composite. 
These  samples  hdve  been  stored  for  a  period  of  1.8  to  2.3  years. 

The  percent  decomposition  is  determined  by  the  change  in  hydrogen 
content.  Elemental  analysis  has  shown  that  the  hydrogen  value 
obtained  after  this  period  of  time  is  still  within  the  experimental 
error  of  the  method,  accurate  to  ±1%  decomposition  of  the  measured 
value.  Examination  of  the  samples  shows  that  those  stored  at  am¬ 
bient  temperature  have  turned  light  gray,  indicating  a  small  amount 
of  decomposition,  whereas  those  scored  at  -15°C.  are  still  white. 
Using  these  data,  the  hydrogen  values  were  plotted  as  a  function 
of  storage  time  and  a  line  drawn  through  the  points  with  the  origin 
represented  by  the  average  hydrogen  value  obtained  from  the  sample 
stored  at  -15°C.  Using  this  technique  to  evaluate  the  data,  Table 
XXVII  summarizes  the  percent  decomposition  as  a  function  of  time 
and  temperature  for  each  of  the  samples.  It  is  obvious  from  the 
measured  hydrogen  values  and  the  color  of  the  samples  stored  at 
-15°C.  that  no  decomposition  has  occurred  over  a  period  of  approxi¬ 
mately  two  years.  The  samples  stored  at  ambient  temperature  appear 
to  have  decomposed  less  than  1%  during  this  same  period,  although 
these  numbers  are  not  absolute  values  but  represent  only  an  indica¬ 
tion  of  the  amount  of  decomposition. 

(C)  The  effect  of  temperature  on  the  rate  of  decomposition 
of  aluminum  hydride  is  illustrated  in  Figure  37.  This  relationship 
is  derived  from  the  time  it  takes  a  sample  to  reach  1%  decomposi¬ 
tion  and  is  shown  for  normal  macrocrystalline  hydride  and  macro¬ 
crystalline  hydride  containing  1.9 %  magnesium  as  a  crystal  lattice 
stabilizer.  Originally,  a  comparison  of  the  time  it  takes  to  reach 
± 1 %  decomposition  at  6o°C.  and  above  resulted  In  two  parallel  lines 
which  were  extrapolated  from  the  last  experimentally  determined 
point  at  6o°C.  to  25°C.  (broken  line) .  This  indicated  that  1% 
decomposition  should  be  observed  from  the  normal  macrocrystalline 
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Table  XXVI 


(c) 

Summary 

r  of  Hydrogen  Values  for  Macrocrys 

ta 1 1 lne 

Aluminum 

Hydride- 1 

L^51  Sample3  Stored  at 

Ambient  Temperature 

and  -15°C. 

Wt.  %  Hydrogen 

Wt.  $  Hydrogen 

Samp  le 

Time , 

Storage  Temperature 

Sample 

Time, 

Storage  Temperature 

Number 

Months 

Ambient 

-15  c  . 

Number 

Months 

Ambient 

^CT 

3655-85 

0 

10.12 

10.12 

02034A 

0 

9.75 

9-75 

20 

9.70 

9. 9" 

3 

9.50 

9.58 

25 

9-78 

9.96 

10 

9.68 

9.78 

31 

9.84 

9-92 

15 

q.67 

9-87 

37 

9.60 

9-92 

21 

9.84 

9.61 

27 

9-78 

9-33 

Average 

9-97 

Average 

9.77 

02  04  4 

0 

9-86 

9.86 

02044a 

0 

9.83 

9-83 

3 

9.38 

9.60 

3 

9-83 

9.85 

10 

9.82 

9.89 

10 

9-87 

9.91 

15 

9.82 

9-90 

15 

9.85 

10.01 

21 

9.86 

9.88 

21 

9.92 

10.00 

27 

9.83 

9-88 

27 

9.77 

9.82 

Average 

9-83 

Average 

9.91 

02131*A 

0 

9.84 

9-84 

03294 

0 

10.0 

10.00 

3 

9-93 

9.86 

9 

10.08 

9.99 

10 

9.83 

9-87 

14 

9.91  ■ 

10.08 

15 

9-83 

9-82 

20 

10.01 

10.06 

21 

9.84 

9.91 

26 

9.98 

9.85 

27 

9.93 

q .  36 

Average 

9.86 

Average 

10.00 

04194 

0 

10.27 

10.27 

0601 4 A 

0 

10.00 

10.00 

8 

9. 91* 

9.96 

6 

9.96 

10.02 

13 

9-99 

10.03 

11 

9-91 

9.Q4 

19 

9.89 

9-97 

17 

9-93 

10.02 

25 

10.02 

10.18 

23 

9.98 

9-79 

Average 

10.08 

Average 

9-95 

0602 4  A 

0 

9.89 

9.89 

06054 

0 

9.88 

9.88 

6 

10.08 

10.03 

6 

9.98 

9.92 

u 

9.94 

9-99 

11 

9-97 

0.99 

17 

9-90 

10.03 

17 

10.02 

10.03 

23 

10.02 

10.12 

23 

9-95 

10.11 

Average 

10.01 

Average 

9.99 

06104A 

0 

9-89 

9.89 

06104AT 

0 

9-90 

9.90 

6 

10.07 

10.02 

6 

10.01 

9-99 

n 

9-97 

10.05 

11 

10.03 

10.04 

17 

10.10 

9.96 

17 

9.99 

10.09 

23 

10.01 

10.10 

2.3 

10.06 

9.9^ 

Average 

10.00 

Average 

9>g 

07084 

0 

10.04 

10.04 

07084 T 

0 

9.88 

5.88 

5 

10.05 

10.00 

5 

10.07 

10.05 

10 

9-97 

9-99 

10 

9-95 

10.02 

16 

9.94 

9-99 

16 

9.88 

9.96 

22 

10.03 

10.02 

22 

9-91 

10.05 

Average 

10.00 

Avera  ge 

9-99 
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(c)  Pig.  37  -  Time  Required  for  Aluminum 
Hydride -1451  to  Reach  1 %  Decomposition 
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hydride  after  0.24  year  and  approximately  1.34  years  for  hydride 
containing  1.9^  magnesium.  However,  recent  experimental  data  ob¬ 
tained  from  long-term  surveillance  studies  of  macrocrystalline 
A1H3-1451  show  that  the  hydride  is  much  more  stable  at  lower  tem¬ 
peratures  than  originally  predicted. 

Table  XXVII 


( C)  Summary  of  Long-Term  Storage  Stability 
of  Aluminum  Hydride-1431  at  Ambient  Temperature^ 


Sample  Number 

Age,  years 

%  Decomposition 

3655-85° 

3-1 

2.8 

02034A 

2-3 

0.3 

02044 

2.3 

0.2 

02044a 

2.3 

1.0 

02134A 

2.3 

None 

03294 

2.2 

0-5 

04194 

2.1 

1.8 

06014a 

1.9 

0.2 

06024a 

1.9 

0.5 

06054 

1-5 

None 

06104a 

1-9 

None 

06l04AT(VCN;d 

1.9 

None 

07084 

1.8 

0.2 

07084t(VCN) 

1.8 

1.0 

b 


aNo  decomposition  detected  when  stored  at  -15°C. 

^Determined  by  carbon  and  hydrogen  analysis;  hydrogen  ±1#  of  total, 
c 

Laboratory  composite. 
dVCN  -  Acrylonitrile  treated. 

(C)  Six  lots  of  macrocrystalline  AIH3--I451,  which  originally 
averaged  7  days  to  reach  1$  decomposition  at  6o°C.  were  stored  at 
4o°C.,  where  they  required  approximately  80  days  to  reach  the  same 
level  of  decomposition.  The  same  type  of  normal  macrocrystalline 
hydride  has  been  stored  at  ambient  temperature  for  nearly  two  years, 
and,  although  an  accurate  measurement  is  difficult,  it  is  estimated 
that  they  are  approaching  the  1$  level  of  decomposition  (see  Section 
D.l.b.).  The  solid  line  drawn  through  the  experimentally  determined 
points  at  ambient  (25°C.),  4o°,  and  bO°C.  shows  considerable  curva¬ 
ture  (Figure  37)  and  a  decrease  in  the  decomposition  rate  from  that 
originally  predicted;  this  may  be  related  to  the  "aging"  phenomenon 
now  being  studied.  It  will  be  very  Interesting  to  determine  when 
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the  magnesium-doped  samples  of  AlH3-l451  currently  under  test  will 
reach  1$  decomposition  at  40°C.  It  is  expected,  due  to  the  en¬ 
hancement  of  the  "aging"  effect  by  the  incorporation  of  magnesium 
into  the  crystal  lattice,  that  the  lattice  stabilized  and/or  DPA- 
treated  hydride  will  possess  greatly  superior  stability  at  the 
lower  temperatures  (25°C.  and  4o°C.J.  It  should  be  noted  that  the 
original  relationship  represented  by  the  t '.me  for  the  magnesium- 
doped  AIH3-1451  to  reach  1$  decomposition  at  the  various  temperatures 
represents  measured  decomposition  rates  of  a  freshly  prepared  sample 
and  for  that  reason  does  not  take  into  consideration  the  "aging" 
phenomenon . 

(C)  The  same  eight  lots  of  magnesium-doped  hydride  under  sur¬ 
veillance  at  4o°C.  as  listed  in  Table  XXV  are  also  being  stored  for 
long-term  surveillance.  In  addition,  four  of  the  above  lots  of 
magnesium-doped  hydride  are  being  stored  in  a  modified  Talianl  ap¬ 
paratus  at  ambient  temperature  to  continuously  monitor  their  decom¬ 
position  rates.  The  available  data  from  these  samples  are  presented 
in  Table  XXVIII.  The  samples  range  in  magnesium  concentration  from 
0.48$  to  0.8l$.  Sample  01216  was  lost  after  120  days  due  to  equip¬ 
ment  failure.  The  average  decomposition  rate  obtained  is  plotted 
in  Figure  38.  It  is  obvious  that  an  acceleration  of  decomposition 
is  being  observed  with  Increasing  time,  although  the  total  decom¬ 
positions  of  the  hydride  is  only  0.1$  in  200  days.  A  laboratory 
sample  of  normal  macrocrystalline  in  situ  DPA-treated  sample  was 
also  placed  on  test.  Its  rate  of  cTecomposition  is  presently 
greater  than  that  observed  from  the  magnesium-doped  lots,  although 
its  rate  of  decomposition  appears  to  be  decreasing.  A  total  of 
0.069$  decomposition  was  observed  after  120  days. 

Table  XXVIII 


(C)  Decomposition  Rate  of  Magnesium-Doped  Aluminum 
Hydride-1451  Stored  at  Ambient  Temperature 


$  Decomposition 


Sample 

Storag 

e  Time, 

days 

Number 

$  Mg 

3o 

50 

90 

120 

150 

ldO 

210 

01206 

0.60 

0.012 

0.015 

0.034 

0.045 

0.066 

0.088 

0.119 

01216 

0.67 

0.010 

O.Ol7 

0.022 

0.035 

— 

— 

— 

01286 

0.48 

0.009 

0.012 

0.028 

0.037 

0.058 

0.082 

0.125 

01316 

O.Ol 

0.012 

0.012 

0-033 

0.040 

0.056 

0.080 

0.095 

Average  $ 

9367-134 
(Normal  Macro- 

0.011 

0.034 

0.014 

0.046 

0.029 

0.064 

0.039 

O.O69 

0.060 

0.083 

0.113 

crystalline 
+  DPA) 
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E.  COMPATIBILITY  AND  FORMULATABILITY  STUDIES  (U) 

(C)  Samples  of  various  types  of  aluminum  hydride,  including 
macrocrystalline,  surface  hydrolyzed,  magnesium-doped,  and  in  situ 
DPA-treated  magnesium-doped  A1H3-1451  have  been  evaluated  at  25UC  . 
and  4o°C.  in  double  base  and  composite  propellant.  Similar  studies 
have  been  made  at  6o°C.  with  the  addition  of  "aged"  magnesium-doped 
A1H3-1451.  The  effect  of  adding  water  and  DPA  to  the  propellant 
mix  has  also  been  examined . 

(U )  The  decomposition  rate  of  samples  was  determined  by  mea¬ 
suring  the  gas  evolved  from  propellant  samples  containing  0.25  g. 
of  hydride  in  a  modified  Tallanl  apparatus. 

1.  Double  Base  Propellant  (U ) 

(C)  The  studies  on  the  behavior  of  AIH3-I45I  in  double  base 
propellant  have  utilized  both  the  ABL  and  Lockheed  formulations  as 
shown  in  Table  XXIX;  differing  mainly  in  the  nitroplastlc izers  used. 

Table  XXIX 


)  Double  Base 

Propellant 

Formulations 

Composition,  wt .  % 

Ingredient 

ABL 

Lockheed 

IMH-1 

25.0 

20.80 

AP 

26.0 

50.69 

PCNC 

12  .0 

12.86 

TEGDN 

4.4 

15.02 

BDNPA 

4.4 

— 

2  -NDPA 

1 .0 

— 

Resorcinol 

1.0 

0.50 

TMETN 

— 

21.65 

Ethyl 

Centrallte 

_  _  _ 

0.50 

NG 

26.2 

_ 

(U)  Only  the  ABL  double  base  formulation  was  used  the  first 
half  of  1966,  while  both  formulations  were  used  during  the  second 
half  of  the  year. 

a .  Storage  at  25°C  .  (U) 

(U)  The  gas  generation  rates  of  propellant  samples  under  sur¬ 
veillance  at  25°C.  were  monitored.  Three  of  these  samples  were 
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placed  under  surveillance  in  1965  and  three  during  1966.  A  summary 
of  the  results  from  these  tests  Is  given  in  Table  XXX.  The  date 
study  was  Initiated,  days  on  test,  and  percent  decomposition,  are 
given  for  each  sample  as  of  December  23,  1966. 

Table  XXX 


(U)  ABL 

Double  Base  Propellant  Samples 

on  25°C. 

Surveillance  Test 

Date  on 

Status  as 

of 

12-23-66 

Test 

Sample  Composition  Days  Elapsed 

1 

Decomposition 

8-4-65 

Aluminum  (Reference) 

2?5 

0 

8-4-65 

AlH3-Lot  02055 

508 

0.33 

10-13-65 

AIH3 -Lot  02055,  surface 
hydro xyzed 

423 

0.33 

5-20-66 

A1H3 -Lot  QX-020,  Mg- 
doped 

217 

0.088 

6-6-66 

AIH3-  Sample  8262-145, 
Mg-doped,  in  situ 
DPA-treated 

190 

0.090 

6-7-66 

AIH3-  Sample  9367-62, 
Mg-doped,  in  situ 
n  p  a. 

199 

0.066 

(U)  The  25°0  .  surveillance  samples  continue  to  decompose  very 
slowly.  The  decomposition  curves  of  these  samples  are  shown  in 
Figure  39.  The  standard  macrocrystalline  A1H3-1451  (Lot  02055) 
has  now  been  on  test  In  double  base  propellant  for  more  than  one 
year.  It  reached  0.33$  decomposition  In  508  days  at  25°C.  Its 
decomposition  rate  increased  over  approximately  100  days  before 
decreasing  (Figure  39).  However,  since  the  first  250  days  the 
decomposition  rate  has  remained  constant  at  0.11$  per  year.  The 
surface  hydrolyzed  sample  has  followed  a  similar  pattern. 

(C)  The  three  samples  of  improved  AlH3-l451  (Lot  QX-020  Mg- 
doped.  Sample  8262-145  Mg-doped,  in  situ  DPA-treated  and  Sample 
9367-62  Mg-doped  in  situ  DPA-treated )  which  were  placed  on  test 
in  double  base  propellant  during  the  second  quarter  of  this  year 
show  a  marked  improvement  in  thermal  stability  over  standard  AIH3- 
1451.  The  magnesium-doped,  in  situ  DPA-treated  hydride  shows  a 
decomposition  rate  of  0.09$  compared  to  0.22$  for  the  standard 
AIH3-145I  after  200  days. 

b .  Storage  at  4o°C  .  (U ) 

(C)  Six  propellant  samples  are  under  surveillance  at  40°C.  A 
surface  hydrolyzed  sample  which  reached  1$  decomposition  in  264 
days  was  discontinued  as  well  as  a  magnesium-doped,  "aged"  A1H3- 
1451  sample  which  showed  erratic  results.  A  list  of  the  samples  re¬ 
maining  on  test  at  40°C.  is  given  in  Table  XXXI. 
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Table  XXXI 


(U )  Propellant  Samples  on  4q°C.  Surveillance  Test 


Date 
on  Teat 

9-8-65 

4-14-66 

6-8-66 

6-7-66 

6-6-66 


9-8-65 


Sample  Composition _ 

A1H3  -  Lot  020553 

A1H3  -  Lot  QX-020 ,  Mg- 
dopeda 

AIH3  -  Sample  9367-62,  Mg- 
doped,  in  situ  DPA- 
treated*3- 

AIH3  -  Sample  9367-62,  Mg- 
doped,  in  situ  DPA- 
treated3- 

A1H3  -  Sample  8262-145, 

Mg -doped,  in_  situ  DPA- 
treated3 

Aluminum  (reference)3 


_ Status  as  of  9-19-66 _ 

Days  Elapsed  %  Decomposition' 

471  O.69 

254  0.57 

163  0.26 


199  0.27 

201  0.45 

470  Neg. 


uuuxc  ua  uc  ^j.upcxxuin/ 


formulation  given  in  Section  E.l. 
Thiokol  composite  propellant  formulation  given  in  Section  E.2. 


(C)  The  benefit  obtained  from  magnesium-doped,  in  situ  DPA - 
treated,  AIH3-I45I  compared  to  standard  A1H3-1451  lsTeplcted  in 
Figure  40 .  An  approximate  twofold  improvement  in  stability  is 
observed . 

(c)  The  behavior  of  surface  hydrolyzed  AIH3-145I  in  double 
base  propellant  is  of  considerable  interest,  as  most  commercially 
available  material  possesses  this  type  of  surface  to  some  degree. 
The  surface  hydrolyzed  sample  shown  in  Figure  40  maintained  a  con¬ 
stant  rate  of  decomposition  throughout  the  test  period,  reaching 
1' %  decomposition  in  264  days,  corresponding  to  a  decomposition  rate 
of  1.38#  per  year.  No  decrease  in  decomposition  rate  occurred  with 
the  surface  hydrolyzed  sample,  indicating  the  stabilizing  effect 
of  the  double  base  propellant  was  ineffective  at  40°C. 

(c)  Two  of  the  samples  which  were  on  test  at  40°C.  in  double 
base  propellant  have  exhibited  erratic  behavior.  These  samples 
are  (i)  magnesium-doped  in  situ  DPA -treated  (8262-145),  and  (ii) 
magnesium-doped  _Lot  QX-020)  AIH3-I45I.  Both  of  these  samples 
previously  exhibited  remarkable  stabilities  at  60°C.  and  are 
showing  excellent  stability  at  25°0.  The  cause  of  the  erratic 
behavior  at  40°C.  is  not  known  at  this  time. 
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%  DECOMPOSITION 


LOT  02035  « 

SURFACE 

HYDROLYZED 


1%  AT  264  DAYS 


7 


LOT  02055~~> 


0.69%  AT  371  DAYS 


SAMPLE  9367-62  Mg-DOPED  I 
IN  SITU  DPA  TREATED  (Composite) 


SAMPLE  9367-62  Mg-DOPED 
IN  SITU  DPA  TREKED 
(Double  Bast)  I 


TIME  .days 


(C )  Pig.  40  -  Decomposition  Rate  of  Different  Types 
of  Aluminum  Hydride -1451  Propellant  at  40°C. 
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c.  Stabilization  of  the  Hydride  by  Double  Base  at  25°C.  and  4o°C.  (C ) 

(c)  Both  the  decreased  decomposition  rate  of  aluminum  hydride 
and  the  poorer  performance  of  the  surface  hydrolyzed  aluminum 
hydride-1451  in  double  base  propellant  as  observed  from  the  25°C. 
and  4o°C.  surveillance  data,  may  be  explained  by  a  proposed  double 
base  stabilization  theory.  It  is  postulated  that  the  decomposition 
products  of  the  double  base  propellant  matrix,  primarily  nitric 
oxide  (NO),  under  certain  conditions,  act  as  an  effective  stabilizer 
for  aluminum  hydride.  The  generation  of  NO  and  the  resultant  sta¬ 
bilization  of  the  AIH3-I45I  do  rot  occur  immediately,  but  take 
place  over  a  period  of  time  as  shown  by  a  slowly  decreasing  decom¬ 
position  rate  until  a  maximum  stabilization  effect  occurs.  The 
data  also  suggest  that  hydrolysis  or  oxidation  of  the  surface  of 
the  AIH3-I45I  crystals  produces  a  barrier  to  the  stabilizing  agent, 

NO,  preventing  effective  stabilization. 

(c)  Data,  presented  in  Table  XXXII,  show  consistently  less  NO 
evolved  from  the  A1H3-1451  samples  than  from  the  reference  samples 
containing  aluminum.  The  samples  were  storea  under  an  argon  atmo¬ 
sphere  from  October  ;.J;  9^5  to  March  21,  1966  before  the  gases 

evolved  were  analyzed  by  mass  spectroscopy.  These  data  indicate 
either  the  A1H3-1451  is  reacting  with  NO  forming  some  compound, 
probably  on  the  surface  of  the  A1H3-1451,  or  less  likely.,  the  A1H3- 
1451  is  inhibiting  the  formation  of  the  NO.  No  consistent  trend 
was  observed  for  the  formation  of  N20.  Unfortunately,  the  extremely 
low  concentrations  of  the  inidividual  gas  species  limit  the  accuracy 
of  the  data,  and  the  results  presented  in  Table  XXXII  must  be  inter¬ 
preted  with  caution. 


Table  XXXII 


(C)  Gases  Generated  from  Tou': 

;le  Base  F 

ropellant  Samples 

at  4o°C . 

Amount 

nt*  r.pc  _ 

g.  moles 

.10  "4 

U  i.  »-  a  O  y 

g.  orcpellant 

Gases  Generated 

Aluminum 
Sample  la 

Aluminum 
Same I e  '‘-a 

Lot  02055H3 
1451 

Lot  02055 
1451 

Ha 

1.24 

1.25 

68.50 

21.10 

H20 

1.13 

2.71 

2.59 

2.68 

CO 

0.37 

0.52 

0.64 

0.81 

n2 

Nil 

0 . 93 

0.58 

0 .94 

NO 

0 .66 

0.48 

0.31 

0.36 

Mass 

4jb 

0.05 

0.17 

0.11 

0.04 

N20 

1.C8 

0.51 

0.86 

0.15 

Mass 

45b 

0.33 

0.07 

0.11 

0.38 

Indicates  surface  hyarolyzed  . 

^Insufficient  quantities  of  these  fragments  prevent  identification. 
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(C)  Contrary  to  some  reported  data  (ll),  a  considerable  amount 
of  experimental  data  as  summarized  below,  supports  the  conclusion 
that  double  base  propellant  stabilizes  A1H3-1451. 

(i)  A1H3-1451  is  consistently  more  stable  in  the 

presence  of  double  base  propellants  than  when 
neat  (usually  by  a  factor  of  two). 

(ll)  A1H3-1451  recovered  from  "aged"  double  bass 
propellant  showed  the  presence  of  a  surface 
coating  on  the  crystals  which  contained 
nitrogen  and  oxygen  (l). 

(ill)  Nitric  oxide  (NO)  is  a  decomposition  product 
from  ingredients  present  in  the  double  base 
system  as  determined  by  off-gas  analysis. 

(lv)  Early  laboratory  work  has  independently 

demonstrated  the  stabilizing  effect  of  NO 
on  A1H3-1451  (3). 

(v)  Recent  analysis  of  the  gases  generated  by 

double  base  samples  has  shown  less  NO  evolved 
from  those  samples  containing  A1H3-1451  than 
those  containing  aluminum  (see  Table  XXXII) . 

(vi)  Neat  surface  hydrolyzed  AlH3-l451  shows  im¬ 
provement  in  stability  over  standard  AIH3- 
1451  but  when  formulated  in  double  base  pro¬ 
pellants  is  less  stable  than  the  standard 
(Figures  39  and  4o) . 

d  .  Storage  at  60°C  .  (U ) 

(C)  Twenty-two  double  base  propellant  samples  studied  for 
compatibility  and  formulatability  at  6o°C.  are  listed  in  Table 
XXXIII.  The  results  from  these  samples  provide  an  evaluation  of: 

(i)  magnesium-doped,  (ll)  "aged",  magnesium-doped,  (ill)  magnesium- 
doped,  in  s_itu_  DPA- treated ,  and  surface  hydrolyzed  AlHa-1451.  In 
addition,  the  effect  of  adding  water  and  DPA  to  the  propellant  mix 
was  examined.  Three  reference  samples  of  propellant  containing 
aluminum  and  four  samples  containing  A1H3-1451  (both  double  base 
and  composite)  remain  on  test. 

(C)  Most  of  the  propellant  studies  at  6o°C  .  have  been  con¬ 
ducted  with  the  ABL  formulation.  Recent  evaluation  of  two 
selected  AIH3-145I  samples  in  the  Lockheed  formulation  (Lot  QX- 
020,  magnesium-doped  and  Sample  9367-62,  magnesium-doped,  in  situ 
DPA-treated)  show  very  close  agreement  with  the  results  previously 
obtained  in  the  ABL  formulation. 

(C)  Table  XXXIV  shows  the  decomposition  rate  of  seven  propel¬ 
lant  samples  at  6o°C  .  using  the  ABL  double  base  formulation.  Six 
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of  these  contained  magnesium-doped  AIH3-I451  while  the  other  con¬ 
tains  aluminum  as  a  reference.  It  has  shown  no  significant  gassing 
in  103  days  at  6o°C.  Figure  41  illustrates  the  remarkable  stabili¬ 
ties  displayed  by  three  of  these  samples.  Magnesium-doped  "aged", 
and  magnesium-doped,  in  situ  DPA-treated  sampies  of  A1H3-1451  con¬ 
tinue  to  show  nearly  a  tenfold  improvement  over  standard  AlH3-l451. 


Table  XXXIII 


(U)  Identification  of  Double  Base  Propellant  Samples 
on  60UC.  Talianl  Test 


dumber 

Double  Base 
Formulation 

Fuel  Type 

1 

ABL 

Sample  8262-145;  Mg -doped,  in  situ  DPA-treated 

23 

ABL 

Sample  5853-142;  Mg -doped,  "aged". 

3 

ABL 

Sample  9367-61;  Mg -doped,  in  situ,  DPA-treated 

4 

ABL 

Sample  9367-62;  Mg -doped,  in  situ,  DPA-treated 

5 

ABL 

Sample  04126;  Mg -doped 

6 

ABL 

Sample  9026-22;  "aged",  Mg -doped 

7 

ABL 

Sample  9569-I6A;  fresh 

8 

ABL 

Sample  9569-16B;  surface  hydrolyzed,  0.51$ 

9 

ABL 

Sample  9569-I6C;  surface  hydrolyzed,  0.41$ 

10 

Loc  kheed 

Texas  P.  P.  Lot  QX-020;  Mg-doped 

lla 

Lockheed 

Aluminum  (reference). 

12a 

ABL 

Aluminum  (reference) 

13 

Lockheed 

Sample  9367-62;  Mg-doped,  in  situ  DPA-treated 

14 

Lockheed 

Lot  02055  Standard 

15 

ABL 

Texas  P.  P.  Lot  05106;  Mg-doped 

16 

ABL 

Texas  P.  P.  Lot  05066;  Mg-doped 

17 

ABL 

Texas  P.  P.  Lot  05196;  Mg-doped 

18 

ABL 

Texas  P.  P.  Lot  05136;  Mg-doped 

19 

ABL 

Lot  02055  Standard,  +1$  DPA 

20 

ABL 

Lot  02055  Standard 

213 

ABL 

Lot  02055  +  0.25$  H20 

22a 

ABL 

Lot  02055  +  0.50$  H20 

'Remain 

on  test  as  of 

December  23,  1966 . 
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Table  XXXIV 

(c)  Accelerated  Testing  of  ABL  Double  Base  Propellant 


ontalnlng  Aluminum 


Sample  8262-145;  Mg-doped,  In  situ  DPA-treated 


ii  ,  11S 


0.74  after  243 
days 


Sample  5853-142;  Mg-doped,  "aged 


Sample  9367-61;  Mg-doped,  In  situ  DPA-treated 
Sample  9367-62;  Mg-doped,  In  situ  DPA-treated 
Sample  04126,  Mg-doped 

Sample  9026-22;  "aged",  Mg-doped,  DPA-treated 

g 

Aluminum  reference 

aRemaln  on  test  as  of  December  23>  1966. 


(C)  Data  obtained  from  magnesium-doped,  pilot  plant  A1H3-1451 
samples  In  double  base  propellant  at  60°C.  are  shown  In  Figure  42. 
Considerable  variation  from  lot  to  let  has  been  observed.  However, 
all  magnesium-doped  samples  were  equal  or  better  than  standard 
AIH3-145I.  Four  of  the  six  magnesium-doped  samples  required  16 
days  or  more  to  reach  1#  decomposition  compared  to  8  days  for  the 
standard  hydride,  representing  a  twofold  Improvement. 

e.  Effect  of  Surface  Hydrolysis  (U) 


(C)  The  effect  of  surface  hydrolysis  and  water  on  the  stability 
of  AIH3-I45I  In  propellant  is  not  clearly  understood.  An  initial 
experiment  was  conducted  to  more  accurately  define  the  effect  of 
surface  hydrolysis,  but  failed  to  give  reliable  results  when  Tallanl 
equipment  problems  developed.  The  experiment  was  repeated  with  two 
portions  of  a  different  sample  hydrolyzed  0.3$  and  0.41$.  These 
data  are  presented  in  Figure  43. 

(C)  The  surface  hydrolyzed  hydride  shows  a  significant  amount 
of  Initial  gassing  followed  by  approximately  a  twofold  stabiliza¬ 
tion  of  the  hydride  as  compared  to  fresh  surface  hydride  in  the 
3ame  double  base  propellant  formulation.  These  results  disagree 
with  the  observed  poorer  performance  of  surface-hydrolyzed  mate¬ 
rial  at  25°C.  and  40°C.  shown  in  Figures  39  and  40. 

f.  Effect  of  Direct  Addition  of  DPA  to  Double  Base  Propellant  (c) 

(C)  Figure  44  shows  the  effect  of  adding  1$  DPA  to  the  propel¬ 
lant  mix.  It  indicated  no  initial  effect,  but  did  retard  the 
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accelerated  decomposition  of  the  A1H3-1451  after  the  first  five 
days.  The  application  of  the  DPA  on  the  surface  before  drying  the 
hydride  appears  to  be  necessary  if  it  is  to  be  beneficial  in  double 
base  propellant. 

g.  Effect  of  Direct  Addition  of  Water  to  Double  Base  Propellant  (U ) 

(C)  Carefully  controlled  amounts  of  water  added  to  the  propel¬ 
lant  mix  appear  to  have  a  very  significant  stabilizing  effect  on 
the  double  base  propellant.  Figure  45  shows  the  stability  obtained 
by  adding  0.25%  and  0.50%  water  directly  to  the  AIH3-I451  double 
base  propellant  mix.  This  small  addition  of  water  resulted  in  an 
unexpected  twentyfold  improvement  in  stability  over  the  same  formula¬ 
tion  containing  no  water.  In  addition,  no  significant  initial 
gassing  was  encountered.  Further  work  should  be  conducted  to 
define  the  actual  mechanism  of  this  phenomenon. 

2.  Composite  Samples  Containing  Aluminum  Hydride-1451  (C ) 

(U)  The  Thiokol  formulation  was  used  in  all  composite  propel¬ 
lant  samples  evaluated  at  6o°C.  during  1966 .  This  formulation  is 
given  in  Table  XXXV. 


Table  XXXV 


'hiokol  Compos 

ite  Propellant  Formulation 

Ingred lent 

Composition,  wt .  % 

LMH-1 

25.0 

AP 

49.5 

TMETN 

14  .0 

ZL-437 

10.11 

HX-874 

1.39 

(U)  The  nine  composite  samples  listed  in  Table  XXXVI  were 
studied  for  compatibility  and  formulatability .  Of  these  only  the 
aluminum  standard  remains  under  surveillance. 

(C)  Figure  46  shows  the  decomposition  of  standard  and  magnesium- 
doped  AIH3-1451  both  neat  and  in  composite  propellant;  the  magnesium- 
doped  sample  exhibits  more  than  a  twofold  improvement  over  the 
standard  AlHs-1451. 

(C)  Figure  47  shows  the  results  obtained  with  six  pilot  plant 
lots  of  magnesium-doped  A1H3-1451  in  composite  propellant  compared 
to  the  standard  (Lot  02055).  These  results  are  very  similar  to 
those  shown  in  Figure  42  for  double  base  propellant.  Excellent 
stabilities  were  observed  with  all  magnesium-doped  samples  which 
exhibited  better  than  a  twofold  improvement  over  standard  AlH3-l451. 
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Fig.  45  -  6o°C .  Tallani  Results  from  a  Study  of  Water  Added 
to  Double  Base  Propellant  Containing  Aluminum  Hydride -1^ 51 
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(C)  A  magnesium-doped,  in  situ  DPA -treated  AlH3-l451  continued 
to  demonstrate  remarkable  stability  as  shown  in  Figure  48.  The 
sample  decomposed  only  0.84$  after  91  days  at  6o°C  .  However,  due 
to  equipment  problems,  the  test  had  to  be  terminated.  The  sample 
demonstrated  approximately  a  tenfold  Improvement  in  stability  over 
standard  A1H3-1451. 

F.  MISCELLANEOUS  PROPELLANT  STUDIES  (U) 

(C)  The  recent  improvement  in  the  stability  of  AlH3-l451  has 
reduced  many  of  the  problems  preventing  the  use  of  this  fuel  as  a 
high  energy  rocket  propellant  ingredient  for  controlled  environ¬ 
mental  missile  applications.  The  actual  rate  of  decomposition 
which  might  be  tolerated  in  a  solid  rocket  motor  could  be  limited 
by  the  internal  structural  failures  in  the  grain  resulting  from 
points  of  high  gas  pressure.  This  problem  exists  for  any  propel¬ 
lant  ingredient  which  is  capable  of  decomposing  and  generating 
gas.  Lockheed  Propulsion  Company  is  currently  studying  this  area 
(12). 

(C)  The  specific  problem  created  by  A1H3-1451  is  related  to 
the  thermal  stability  of  the  compound.  Recent  advances  which  have 
resulted  in  very  stable  A1H3-1451  should  drastically  reduce  the 
quantities  and  rate  of  gas  generation  in  propellant  formulations. 

(C)  The  magnitude  of  the  problem  of  grain  failure  caused  by 
gas  generation  in  the  grain  is  not  known.  The  dlffuslvity  through 
the  propellant  of  the  gas  generated  has  a  very  large  effect  on  the 
amount  of  gas  generation  which  can  be  tolerated.  Hydrogen  readily 
diffuses  through  most  substrates. 

(C)  A  Dow  technique  for  determining  permeabilities  of  various 
substrates,  primarily  plastics,  was  used  to  provide  some  insight 
into  the  rate  of  diffusion  of  H2  through  propellant  containing 
AlH3-l451.  The  procedure  involved  placing  a  propellant  sample 
between  an  atmosphere  of  hydrogen  and  an  atmosphere  of  tritium, 
and  measuring  the  rate  of  transfer  of  the  radioactive  tritium 
with  a  standard  detecting  device  (Figure  49).  This  single  experi¬ 
ment  gave  a  value  of  the  dlffuslvity  of  H2  through  double  base 
propellant  of  D  =  9.85  x  10‘4  cm.2/'hr.  at  25°C.  and  one  atmosphere. 
It  should  be  emphasized  that  only  one  experiment  was  carried  out 
to  determine  the  feasibility  of  obtaining  the  desired  results  by 
this  technique.  The  calculated  dlffuslvity  does  not  consider  the 
possible  exchange  with  other  hydrogen  containing  compounds  in  the 
propellant  grain  and  for  that  reason  the  value  is  only  very  pre¬ 
liminary  and  additional  work  would  be  required  to  resolve  this 
question.  The  fundamental  equipment  used  in  this  determination 
is  shown  in  Figure  49. 
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SECTION  IV 

(U)  CONCLUSIONS  AND  RECOMMENDATIONS 


A.  CONCLUSIONS  ( U) 

(C)  Based  on  the  results  of  this  report  period,  the  following 
recommendations  are  made: 


(i)  The  best  technique  for  incorporating  magnesium  into 
the  AIH3-I45I  crystal  is  the  addition  of  an  ether 
solution  of  LlMg(AlH4)3  to  the  aluminum  hydride  feed 
solution . 


(li)  The  incorporation  of  magnesium  into  the  continuous 

process  A1H.3-1451  does  not  result  in  the  same  degree 
of  improvement  in  stability  as  obtained  by  the  batch 
process.  The  reason  for  this  difference  is  not 
known,  but  it  is  believed  to  be  associated  with  the 
manner  in  which  magnesium  is  incorporated  into  the 
crystal  faces  of  the  hydride. 


(ill)  Teflon  PEP  was  shown  to  be  a  superior  material  of 
construction  for  an  aluminum  hydride  crystallizer 
liner;  in  laboratory  runs  no  adhesion  or  decomposition 
occurred.  A  similar  improvement  was  not  realized 
with  a  9-gallon  crystallizer;  product  adhered  co  the 

•  .»  nil™  «  A  L  Vi  4  w  1  1  13  A  4.  V>  1  1  V  A<«A  wViin  11**  U  1  •  •  *%»•«*»»  4 

vVax-Lo  *-4  x  oiixo  utlxoj  uuo  cvciiouau-jf  uiuivc  anaj  xu 

sheets  of  A1H3-1451.  This  difference  between  the 
laboratory  unit  and  the  larger  crystallizer  is  be¬ 
lieved  to  be  due  to  design  changes  which  were  neces¬ 
sary  for  fabricating  the  unit  from  stock  FEP  items  . 


(iv)  None  of  the  materials  of  construction  which  have 
been  evaluated  is  entirely  acceptable;  perfluoro- 
hydrocarbons  appear  to  have  the  best  potential. 

(v)  Laboratory  experiments  with  Teflon  TFE  and  pyrex 
glass  indicate  that  product  adhesion  during  A1H3 
crystallization  is  more  serious  with  higher  inner 
wall  temperatures.  Adhesion  may  be  considerably 
decreased  or  eliminated  by  maintaining  lower  wall 
temperatures  and  heating  the  solvent  by  internal 
means . 

(vi)  The  aluminum  hydride  crystalline  phase  obtained  at 
nucleation  is  a  direct  function  of  specific  nuclea- 
tlon  conditions,  such  as  aluminum  hydride  concentra¬ 
tion,  ether  concentration  (temperature)  and  lithium 
aluminum  hydride  concentration. 
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(vll)  In  the  present  art  of  A1H3  crystallization,  the 
ratio  of  nucleation  rate  to  crystal  growth  rate 
is  low,  resulting  in  limited  crystal  surface 
area  during  the  growth  stage  and,  consequently, 
poor  crystallinity. 

(viii)  Preliminary  laboratory  work  has  demonstrated  the 
concept  of  a  continuous  external  nucleator  system 
to  supply  nuclei  of  AIH3-I451  to  a  crystallizer 
unit . 

(ix)  The  most  significant  parameters  in  the  AIH3-1451 

crystallization  process  are  agitation,  crystal  re¬ 
tention  time,  feed  rate,  and  additive  hydride  con¬ 
centrations;  ether  concentration  (temperature)  is 
important  during  nucleation. 

(x)  The  product  rate  of  the  tubular  design  AIH3-1451 
crystallizer  can  exceed  0.06  moles/liter/hour 
(0.015  lb. /gal. /hr. ) . 

(xi)  Decomposition  is  primarily  related  to  the  presence 
of  impurities  which  also  affect  nucleation  and 
growth . 

(xii)  Post  treatment  of  AlH3-l451  with  DPA  or  water  im¬ 
proves  the  thermal  stability.  Treatment  tech¬ 
niques  used  to  apply  these  agents  are  important. 

(xlii)  The  stoichiometric  equivalence  point  of  the  reac¬ 
tion  between  aluminum  chloride  and  lithium  alu¬ 
minum  hydride  can  be  routinely  determined  by 
flame  photometry. 

(xlv)  Incorporation  of  magnesium  per  se  is  not  suf¬ 
ficient  to  guarantee  stabilization  of  AIH3- 
1451.  The  process  parameter(s)  which  controls 
the  effectiveness  of  magnesium  stabilization  of 
AIH3-I45I  has  not  been  found. 

(xv)  The  density  of  magnesium-doped  hydride  decreases 
as  magnesium  concentration  Increases.  The  re¬ 
sulting  structure  is  a  substitutional  solid  solu¬ 
tion,  the  magnesium  substituting  at  random  for 
aluminum  atoms  In  the  lattice. 

(xvi)  The  optimum  stability  of  AIH3-I451  by  DPA  Is  ob¬ 
tained  by  in  situ  treatment  In  a  wash  solution 
containing  2-5  g.  of  DPA/250  ml.  of  benzene.  An 
evaporation  technique,  whereby  a  known  amount  of 
an  ether  solution  of  DPA  is  dried  on  the  product, 
is  more  effective  for  material  made  by  the  con¬ 
tinuous  process. 
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(xvii)  DPA  probably  forma  a  weak  adduct  with  A1H3-1451 

through  the  triple  bond.  This  Inhibits  the  excessive 
bulld-up  of  electron  density  at  any  one  point  In  the 
AIH3-145I  crystal. 

(xvlli)  DPA  Is  a  better  stabilizing  agent  for  A1H3-1451  than 
a  number  of  other  acetylenic  derivatives  and  com¬ 
pounds  containing  one  or  more  phenyl  groups. 

(xix)  Large  Improvements  In  stability  result  when  A1H3- 
1451  Is  stored  at  -15°C.;  several  "aged"  lots  re¬ 
quired  nearly  100  days  before  reaching  1%  decomposi¬ 
tion  a  t  60°C . 

(xx)  The  Initial  gas  from  "aged"  samples  contains  large 

amounts  of  water  vapor,  which  may  play  a  major  role 
In  the  "aging"  process.  It  may  be  possible  to  re¬ 
produce  the  same  stabilizing  effect  in  much  shorter 
periods  of  time  by  moisture  and  heat  treatment. 

(xxi)  Aluminum  hydride-1451  is  stabilized  in  the  double 
base  propellant  formulation.  This  Is  probably  due 
to  a  reaction  between  the  hydride  and  nitric  oxide. 

(xxii)  Magnesium-doped,  "aged",  and  magnesium-doped.  In 

situ  DPA  treated  A1H3-1451  show  remarkable  stability 
in  double  base  propellant.  The  goal  of  less  than 
l£  decomposition  in  one  year  at  SocC.  is  being 
reached  by  magnesium-doped,  "aged"  A1H3-1451  in 
double  base  propellant. 

(xxili)  The  effect  of  water  is  not  clearly  understood.  The 
process  by  which  It  is  added  to  the  A1H3-1451  seems 
to  determine  whether  it  is  beneficial  or  detrimental 
to  stability.  Partial  hydrolysis  of  the  hydride 
prior  to  its  use  In  propellant  has  not  consistently 
resulted  in  a  significant  Increase  in  stability. 
Recent  work,  however,  with  propellant  formulations 
which  contain  carefully  controlled  quantities  of 
water  added  to  the  mix  indicate  a  many-fold  improve¬ 
ment  in  stability  can  be  achieved. 

B.  RECOMMENDATIONS  ( U) 

(C)  Based  on  analysis  of  results  of  this  report  period  the 
following  recommendations  are  made: 

(i)  Studies  to  determine  the  effect  of  crystallizer  wall 
temperature  on  adhesion  should  be  continued.  Con¬ 
currently,  the  most  promising  fluorocarbon  liners 
should  be  investigated  as  possible  materials  of  con¬ 
struction  . 
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(il)  Reasons  why  the  stability  of  laboratory  samples 
of  A1H3-1^51  made  by  the  continuous  process  are 
not  enhanced  by  the  incorporation  of  magnesium 
should  be  determined . 

(iii)  Reasons  why  hydride  prepared  by  different  pro¬ 
cesses  responds  differently  to  surface  treat¬ 
ments  should  be  further  investigated  . 

(lv)  An  external  nucleator  system  should  be  developed 
to  provide: 


a  . 

Better  crystals . 

b. 

Shorter  start-up 

times  . 

c  . 

Decreased  product 
agglomeration . 

adhesion  and 

d  . 

Paster  feed  rates 
produc  tlon . 

and  increased 

(v)  Techniques  to  eliminate  small  amounts  of  initial 
gassing  in  stabilized  aluminum  hydride  should  be 
developed . 

(vi)  Determine  change,  if  any,  in  stabilization  derived 
from  various  treatments  with  reduction  of  storage 
temperature  from  6o°C.  to  25°C. 
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improved  thermal  stability  is  observed  in  product  fran  the  larger  unit.  Flame 
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observed  during  testing  at  60°C.  Water,  identified  as  a  major  component  of  the 
gas,  plays  a  major  role  in  the  aging  process.  The  decomposition  rate  of  standard 
LMH-1  in  double  base  propellant  at  25 °C.  became  constant  at  0.11$  per  year,  re¬ 
quiring  500  days  to  reach  0.33$  decomposition;  at  40°C.  it  reached  0.69$  decomposi¬ 
tion  in  471  days.  Double  base  propellant  containing  stabilizer-doped,  DPA-treated 
LMH-1  shows  a  twofold  improvement  in  stability  over  standard  LMH-1  at  both  25°  and 
40°C.  Stabilized  LMH-1  is  remarkably  stable  at  60°C.  Propellant  containing  "aged" 
stabilized  LMH-1  decomposed  0.74$  after  24}  days.  Other  stabilized  and  treated 
LMH-1  in  double  base  and  composite  propellants  also  show  a  lew  degree  of  decomposi¬ 
tion. 
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